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BLOOD SUPPLY TO THE GENITALIA AND ACCESSORY 
GENITAL ORGANS OF THE GOAT 1
James H, MagiltonZ and Robert Getty3
ABSTRACT. The arterial blood supply of the reproductive 
tract of both sexes of the goat (Capra hircus)  has been 
described. Ten goats were used —five males and five 
females. Age, breed, and breeding history were un-
available. Latex injection media was employed, 
The blood supply of the goat was quite similar to that 
of the bovine and ovine. There were, however, a few 
significant differences between the goat and bovine. 
The A, epigastrica cranialis superficialis was better 
developed in the goat and formed easily demonstrable 
anastomoses with the A, epigastrica caudalis super-
ficialis. The combination of these vessels and their 
branches on the ventral body wall were numerous. The 
A, dorsalis penis originated from four different sourc-
es: right or left A, pudenda externa or right or left 
A, pudenda interna. The disposition of the vessel and 
its branches was similar regardless of the origin, A 
recurrent artery of the prepuce, as descried in the 
bull (Ashdown 1960), was not found. The arterial blood 
supply to the mammae of the goat was quite similar to 
that of the bovine and ovine. The dissimilarities that 
do exist are logical in that they are the result of sim-
plification in the goat due to the division of its udder 
into halves rather than quarters. 
The main blood supply of the reproductive tract of 
the goat, both in the male and female,was.derived from 
three sources: 1. The A, te~sticularis in the male and 
A, ovarica in the female, supplying essentially the 
gonads; 2. branches of the A, iliaca interna to the tubu-
lar genital tract in the female and the genital tract in-
cluding the accessory genital organs in the male; and 
3, branches of the A. pudenda externa to the external 
parts of the genitalia, such as the mammary glands and 
prepuce. 
The findings are documented by four original illus-
trations and three tables. 
1 Original results from a 1964 M, S, thesis by Dr. Magilton under the 
direction of Dr. Getty, Department of Veterinary Anatomy, Iowa State 
University of Science and Technology, Ames, Iowa 50010. t Associate Professor. s Professor and Head, 
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INTRODUCTION 
The anatomy of the goat has not been a matter of much concern in the 
past. The goat has not been an important part of the agricultural econ-
omy of those nations which have had funds available for research. Con-
sequently, most of the research in the past has been with cattle, swine, 
sheep, and poultry. 
Recently, there has been an increasing interest in the goat as a re-
search animal and various workers have pointed out several advantages 
of this species. They are inexpensive and they tolerate wide variations 
of temperature. Therefore, their housing need not be elaborate, except 
where temperature control is critical in the project under study. They 
are content to live in almost any surroundings, are easily handled and 
relatively unexcitable. Their larger size makes it easier to perform 
intricate surgical operations than is possible in the guinea pig, mouse, 
and rat. 
The anatom}~ of the bovine and sheep has been used as a guide for that 
of the goat in years past. This has been adequate from a clinical stand-
point, in treating diseases of the goat. If the species is to be used in 
medical research, however, accurate studies must be made of its ana-
tomy. It was with this point of view that this study was done. 
For a review of the literature see the Discussion. 
MATERIALS AND METHODS 
Ten goats were dissected in this investigation— five males and five 
females. They were obtained through a local livestock dealer. No 
specific breed is mentioned because the ancestry is unknown. All were 
white, except one (no. 5) which was brown and white. 
The animal was placed in dorsal recumbency before administration of 
the anesthesia. Equithesia4 was the anesthetic of choice. It was given 
according to the directions on the label. 
The femoral vein was cannulated in the area of the femoral triangle. 
An anticoagulants (6 gm~gallon normal saline) was used at the rate of 
200cc per animal via the femoral vein. The left common carotid artery 
was then cannulated. Exsanguination was accomplished through the can-
nulated artery. It was regulated so that infusion of one gallon of warm 
normal saline solution was accomplished before expiration. 
Immediately following expiration the fourth rib on the left side was 
resected. The pericardial sac was incised and the aorta was clamped 
just distal .to the heart. Acetic acid (1000 cc of a 5% solution) was in-
jected through the cannulated carotid artery. The pressure maintained 
during injection was 120 mm Hg. The acetic acid was followed by an 
injection of 750 cc of normal saline solution at the same site using the 
same pressure. Latexb was then strained through cheese cloth and in-
jected immediately following the injection of normal saline solution. 
• 4 Jensen-5alsbery Laboratories, Inc. , Kansas City, Mo. s Benzo Fast Pink 2 BL (Direct Red 75). Matheson Coleman and Bell, 
Norwood, Cincinnati, Ohio. 6 Cementex N~19 Red. Cementex Co. , Inc. New York, New York. 
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Embalming fluid? was injected through the cannulated femoral vein. 
A caliper was used for the linear measurements (Tables 2 and 3). 
When the distance of a vessel was measured between two merging 
branches and when the branches merged at right angles to the measured 
vessel, the measurement was taken from the center of each emerging 
vessel. When the branches emerged at less than a 90° angle, measure-
ment was taken from the acute angle which the latter formed with the 
parent trunk. 
RESULTS 
The A, thoracica interna arose from the ventral face of the subclavian 
artery medial to the first rib. It coursed ventrocaudally superficial to 
the transverse thoracic muscle on the deep face of the costal cartilages. 
The vessel terminated as the A, musculophrenica and A, epigastrica 
cranialis (profunda). The termination was variable, occurring deep to 
the sixth to eighth costal cartilage. 
The A, epigastrica cranialis (profunda) was the continuation of the A. 
thoracica interna after the A. musculophrenica was given off. It con-
tinued caudally on the deep face of the costal cartilages and left the rib 
cage iri the costosternal angle between the chondrosternal extremity of 
the eighth sternal rib and the xiphoid process of the sternum (Figs. 2 and 
4), It continued its course caudally in the connective tissue between the 
transverse and straight abdominal muscles giving off branches to both 
muscles. The A, epigastrica cranialis superficialis was given off and the 
parent vessel continued caudally in the straight abdominal muscle where 
it formed an anastomosis with the A, epigastrica caudalis (profunda) in 
the middle third of the latter muscle. 
The A, epigastrica cranialis superficialis arose from the ventral face 
of the A, epigastrica cranialis (profunda) pierced the straight abdominal 
muscle (Figs. 2 and 4), and continued caudally. The distal course was 
quite variable. Its entire course was either: superficial to the abdominal 
tunic; deep to the abdominal tunic; or it threaded its way both superfi-
cially and deeply to the aforementioned tunic. 
In the male it divided into medial and lateral branches soon after 
piercing the straight abdominal muscle. The lateral branch coursed 
caudally, parallel and lateral to the ventral midline to anastomose with 
the lateral branch of the A, epigastrica caudalis superficialis (Fig. 2). 
There were two variations in the medial (preputial) branches. In three 
of the five specimens the right and left medial branches converged 
toward the midline at the level of the umbilicus and remained on their 
respective sides of the midline as they coursed caudodorsal to~the cauda 
(retractor) preputial muscles. They anastomosed with the medial (pre-
putial) branches of the A, epigastrica caudalis superficialis of the same 
side in the area of the prepuce (Fig. 2). In two of the five specimens the 
~ Isopropyl alcohol, 60%; formalin, 4%; phenol, 6%; corn syrup, 2. 5%; 
water, 27.5%. 
The first Latin term indicates that recommended by the N.A. V. (1968); 
terms in parenthesis are synonyms or terms used by other authors; 
terms with an * in front of them are non-N. A. V, terms. 
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medial branch of the right A, epigastrica cranialis superficialis crossed 
to the left of the ventral midline, joined its counterpart on the left and 
formed anastomoses with the medial branch of the right A, epigastrica 
caudalis superficialis which also crossed to the left of the ventral mid-
line (Fig. 2). 
In the female the vessel: ran caudally parallel to the ventral midline 
and anastomosed with the A, epigastrica caudalis superficialis in the 
middle third of the ventral abdominal area (Fig. 4); inclined medially to 
the midline in the area of the umbilicus, anastomosed with branches 
from the *R, mammaria medialis, and diverged slightly from the mid-
line on its continuing caudal course to anastomose with the A, epigastrica 
caudalis superficialis in the same area as those previously described 
(Fig. 4); inclined laterally to the extent that it lay lateral to the straight 
abdominal muscle in the middle of the ventral abdominal area, gave off 
anastomotic branches to the ~R. mammaria medialis at this level and 
converged toward the midline on its continuing caudal course to anasto-
mose with the A. epigastrica caudalis superficialis in the same area as 
those previously mentioned (Fig. 4); or it ran caudally for a short dis-
tance after piercing the straight abdominal muscle, and ramified in the 
subcutaneous tissue with no detectable gross anastomosis (Fig. 4). 
The A, ovarica (utero-ovarian) in the female is the counterpart of the 
A , testicularis (A. spermatica interne) in the male and has a similar 
origin. The site of origin of the right vessel varied from the level of 
the caudal edge of the fourth lumbar transverse process to the same 
level of the fifth lumbar transverse process. The left vessel arose about 
1 cm caudal to its right counterpart. The right artery arose from the 
ventrolateral face of the abdominal aorta while the left artery arose 
from the ventral face of the latter. 
This vessel was very tortuous as it ran caudoventrally in the cranial 
part of the broad ligament of the uterus (ligamentum latum uteri) toward 
the ovary. It divided into three or four branches as it approached the 
ovary (Fig. 3). One or two branches supplied the ovary. Two or three 
branches, Rami uterini (craniales), passed to the lesser curvature of 
the tip of the uterine horn. The latter vessels supplied the ovarian 
bursa, uterine tubes, broad ligament of the uterus along its free edge, 
and the tip of the uterine horn. In the region of the latter it formed 
anastomoses with the A, uterina(mediana). 
The A. testicularis (A, spermatica interne) supplied the testicle. The 
origins of the right and left vessels were similar to those of the A. 
ovarica (utero-ovarian). The vessel coursed in a caudolateral direction 
crossing the deep face of the psoas minor muscle. It continued its caudo-
lateral course to approximately half the distance across the deep face of 
the psoas major muscle. It then changed to a direct caudal direction. 
crossed the deep face of the ureter and entered the inguinal canal. The 
vessel was separated from the,ventrolateral aspect of the A. iliaca ex-
terna by a thin sheet of connective tissue and fat along the middle third 
of the pelvic course of the latter (Fig. 1). 
The vessel became a component of the spermatic cord. It became increasingly tortuous from the middle third of the inguinal canal to the dorsal extremity of the testicle. This portion of the vessel became en-
twined in an extensive venous network, the pampiniform plexus (Fig. 1). Near the origin of the plexus the vessel gave off a branch, the ~A. 
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accessoria testicularis (Hofmann 1960). The latter vessel divided fur-
ther into branches (Rami testiculares) to the head, body, and tail of the 
epididymis. In two of the five specimens, branches (Rami ductus defer-
entis) were given to the proximal portion of the ductus deferens. In 
these cases the A, ductus deferentis did not extend to the tail of the epi-
didymis. The parent vessel lost its tortuous disposition at the head 
(dorsal) extremity of the testicle. It then passed under the epididymis 
in the area where the head and body of the latter meet. The vessel 
coursed toward the tail (ventral) extremity of the testicle, on its lateral 
face, slightly cranial to the body of the epididymis (Fig. 1). It followed 
a wavelike course toward the tail extremity of the testicle. As it ap-
proachedthe latter it divided into two main branches which penetrated 
more deeply into the tunics albuginea and continued as the Rami testicu-
lares. In one specimen, each of the two main branches subdivided into 
two branches before penetrating the tunics albuginea. The A. testicu-
laris was covered along its course on the surface of the testicle by a 
very thin sheet of the tunics albuginea. 
The Rami testiculares were the direct continuation of the A. testicu-
laris. They assumed their name at the point where the branches of the 
A, testicularis penetrate to the deeper layers of the tunics albuginea. 
The main branches coursed toward the head (dorsal) extremity of the 
testicle along its cranial aspect. They gave off smaller branches which 
coursed caudodorsally. The large and small vessels assumed a tortuous 
disposition still embedded in the deep layers of the tunics albuginea. 
The *Rami radiatae testes originated from the Rami testiculares. 
They emerged at right angles to the parent vessel, pierced the remain• 
ing tunics albuginea and coursed through the parenchyma toward the 
mediastinum testis. Many of the vessels were spiral in the proximal 
third of their course. Hofmann (19 60) called this portion the Aa. centri-
pedal of the Aa. -radiatae testes. As the vessels approached the medi-
astinum testis they formed arcs and coursed toward the periphery of the 
gland. Hofmann (1960) called this portion the Aa, centrifugal of the Aa. 
radiatae testes. The centrifugal portion branched more than the centri-
pedal portion. Small branches were given off at the arc which continued 
on to the mediastinum testis. 
The A. iliaca externs arose from the lateral face of the abdominal 
aorta, 1. 5 to 3. 0 cm caudal to the left A, ovarica (A. testicularis in the 
male). It coursed ventrocaudally across the ventral surface of the. psoas 
minor muscle diverging from the midline at a 35° angle. Shortly after 
giving off the A, circumflexa ilium profunda (Table 2) its angle of di-
vergence decreased so that, at the point of origin of the A, profunda 
femoris, the parent vessel was lying on the ventral surface of the psoas 
major muscle. 
The A, profunda femoris arose from the medial face of the A. iliaca 
externs at a 30° angle (Tablet, Fig. 1). It coursed distally on the deep 
face of the iliopsoas muscle. Three centimeters cranial to the ileopec-
tineal eminence it gave off the Truncus pudendoepigastricus and con-
tinued caudoventrally. It passed ventral to the acetabulum on its course 
to the adductor muscles of the pelvic limb. 
The Truncus pudendoepigastricus arose from the A. profunda femoris 
at a 60 ° angle (Table 2, Fig. 1). It coursed caudomedially, deep to the 
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Figure 1. (see Legend, opposite page) 
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Figure 2. Ventral view of the male (schematic). 
Explanations for points a, b, c, and d are given in Table 1. 
~~ 
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Figure 1. =Arteries to the genital tract of the male goat (schematic). 
A Rectum 
B (Lateral) Coccygeal M. 
C Levator ani M. (medial coccy-
geal, retractor ani M. ) 
D, D° Retractor penis M. 
E Ischiourethral M. 
F Bulbourethral gland 
G Bulbospongiosus M. 
(Bulbocavernosus M.) 
H Ischiocavernosus M. 
(cut away from ischium) 
I Crus of penis 
(cut away from ischium) 
J Urethra (pelvic) 
K Seminal vesicle 
L Bladder 
M Pubic symphysis 
N Penis 
O Lymph node 
(superficial inguinal) 
P Left testicle 
Q Ductus deferens 
R Right testicle 
5 Epididymis 
T Ureter 
U Ampulla of ductus deferens 
1 Aorta abdominalis 
2 A, testicularis 
(spermatica interns) 
3 A, mesenterica caudalis 
3' A, rectalis 
(haemorrhoidalis cranialis) 
4 A, iliaca externs 
5 A, circumflexa ilium profunda 
6 A, sacralis medians 
7 A, iliaca interns 
8 A, umbilicalis 
9 A, ductus deferentis 
10 A, iliolumbalis 
11 A. 
T~12 A. 
13 A, 
14 A. pudenda interns 
15 Caudal branch of 
A, urogenitalis 
16 Cranial branch of 
A, urogenitalis 
17 Ramus urethralis 
18 Branches to seminal vesicle 
19 Ramus ductus deferentis 
20 A, vesicalis caudalis 
21 Ramus uretericus 
22 Branch of A. urogenitalis to 
Bulbourethral gland 
23 Branch of A, pudenda interns 
to Bulbourethral gland 
24 A, bulbi penis (urethrae) 
25 A. urethralis 
26 A, perinealis ventralis 
27 A, profunda penis 
28 A, dorsalis penis 
29, 30 A, profunda femoris 
31 Truncus pudendoepigastricus 
32 A, epigastrica caudalis 
(profunda) 
33 A, cremasterica 
(A, spermatica externs) 
34 A, pudenda externs 
35 Urethral branch 
36 Ramus scrotalis cranialis 
37, 37' A, testicularis 
38 A, epigastrica caudalis 
superficialis 
39, 39' Plexus pempiniformis 
40 Ramus testicularis 
41 V, testicularis 
42 Rami testiculares 
glutea cranialis 
urogenitalis 
glutea caudalis 
~ Where English is used for the arteries it reflects terms not named 
by the N.A. V. (1968), 
Terminology from Getty (1955, 1964) and Habel (1964), The term 
"urogenital" has been retained since, in the opinion of the authors, 
it is more meaningful. 
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Table 1. Flnergence area of the A. epigastrica cranialis (profunda) and superficialis 
(in centimeters) 
Goat Sex a b c d 
a~ 8" b~ b" c' c" d~ d" 
1 vF 1.8 z. 5 1.6 3.0 15.0 5.5 13.0 8.0 
2 VF 2.0 2.2 4.0 6.5 16.0 4.0 12.0 7.0 
3 F 10.5 8.0 10.5 8.0 13.2 8.0 13.0 6.0 
4 M 1.5 3.0 l.0 4.0 16.5 5.5 18.0 3.8 
5 M 1.5 2.5 0.5 2.o z1.5 3.0 15.0 3.5 
6 M l.0 5.0 0.5 l.0 19.5 5.0 11.0 4.0 
7 F o.8 2.5 0.8 3.2 14.0 7.0 9.0 5.5 
8 VF 1.5 3.6 1.3 3.2 14.1 3.7 12.0 3.0 
9 M. 1.5 2.1 2.5 2.1 19.5 3.8 21.2 4.1 
10 M 1.6 1.8 2.1 2.2 16.8 3.8 15.6 3.4 
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Explanation of Table 1 (See diagram); 
a The point at which the right A, epigastrica cranialis (profunda), 
leaves the rib cage and no longer lies deep to the eighth costal 
cartilage. 
a' Distance on a straight line from the right junction of the eighth costal 
cartilage and the xiphoid cartilage to point "a", 
a" Distance that point "a" is lateral to the ventral midline, 
b The point at which the left A. epigastrica cranialis (profunda) leaves 
the rib cage and no longer lies deep to the eighth costal cartilage. 
b' Distance on a straight line from the left junction of the eighth costal 
cartilage and the xiphoid c4~;.ilage to point "b". 
b" Distance that point "b" is lateral to the ventral midline, 
c The point where the right A. epigastrica cranialis (profunda) gives 
off the right A. epigastrica cranialis superficialis. 
c' The distance on a straight line from the right junction of the eighth 
costal cartilage and the xiphoid cartilage to point "c". 
c" The distance that point "c" is lateral to the ventral midline. 
d The point where the left A, epigastrica cranialis (profunda) gives off 
the left A. epigastrica caranialis superficialis. 
d' The distance on a straight line from the left junction of the eighth 
costal cartilage and the xiphoid cartilage to point "d". 
d" The distance that point "d" is lateral to the ventral midline. 
VF Virgin female, as determined by the absence of udder development. 
F female 
M male 
aponeurosis of the external abdominal oblique muscle, It approached the 
caudal surface of the spermatic cord and gave off the A, epigastrica 
caudalis (profunda) about 1 cm distal to the deep inguinal ring, This 
vessel crossed the deep face of the spermatic cord at approximately a 
right angle (Fig. 1) and coursed cranially in the straight abdominal 
muscle to anastomose with branches of the A, epigastrica cranialis 
(profunda) , 
The A, cremasterica (A. spermatica externa) was either given off the 
A, epigastrica caudalis (profunda) shortly after the latter arose from the 
Truncus pudendoepigastricus or it arose from the A, pudenda externa 
shortly after the A, epigastrica caudalis (profunda) was given off, It 
supplied the external cremaster muscle, 
The A, pudenda externa coursed in the distal three-fourths of the 
inguinal canal, emerging through the superficial inguinal ring at its 
caudomedial border, It lay caudal to its satellite vein, which in turn 
was caudal to the spermatic cord. It coursed caudoventromedially after 
leaving the inguinal canal. 
In the female the A, pudenda externa formed several S-shaped curves 
above the udder, It gave off a small branch from its caudal face, Two 
to four centimeters distal to the superficial inguinal ring it gave off a 
small branch which supplied the supramammary lymph nodes (Figs, 3 
and 4) and continued caudally as a perineal branch, The parent vessel 
then turned cranially to continue as the ~A, mammaria. 
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The "A, mammaria coursed cranially as a direct continuation of the 
A, pudenda externa, It passed through the parenchyma of the udder 2 to 
4 cm ventral to the dorsal border, and 1 to 3 cm medial to the lateral 
border, of the gland. Cranial to the udder it continued as the A, epi-
gastrica caudalis superficialis (Figs. 3 and 4), In one specimen (Fig. ~), 
there was an anastomosing branch given off which joined the right and 
left Aa, mammariae near the origin of the perineal branches. The main 
branches are: 
1. The *R, mammaria medialis originated from the ~A. mammaria 
immediately caudal to, or in the caudal quarter of, the udder (Figs. 3 
and 4) and coursed cranially and medially. The right and left vessels 
sometimes joined and coursed cranially in the interlamellar space 
(Fig. 4). In this case lateral branches were given off to both udder 
halves. In three of five specimens the left vessel gained the interlamel-
lar space giving off lateral branches to the parenchyma of the ipsolateral 
side, and the right counterpart terminated in the right udder (Fig. 4), 
There were numerous anastomoses between the mR. mammaria medialis 
and the ~~A, mammaria. The vessel terminated in three ways: it coursed 
cranially, its branches ramifying in the surrounding tissue with no di-
rect anastomotic branches cranial to the udder (Fig. 4); it coursed 
cranially to an area caudal to the umbilicus, and divided into right and 
left branches which continued in a craniolateral direction to anastomose 
with branches from the A. epigastricus cranialis superficialis on its 
respective side (Fig. 4); or it may terminate just cranial to the udder 
(Fig. 4). 
2. The R. mammaria caudalis arose either proximal or distal to the 
origin of the mR. mammaria medialis, depending on whether the latter 
arose dorsal to the udder or well into the udder tissue (Fig. 3), This 
branch may be compared to the caudal mammary artery of the bovine. 
In one of the five specimens this vessel was equal in size to the ~A. 
mammaria. It contributed a liberal supply to the caudal and medial 
aspects of the teat. 
3. The ~R, lateralis sinus originated cranial to the origin of the ~ R. 
mammaria medialis and coursed toward the teat in the lateral aspect of 
the udder. As it reached the region of the cystern it divided into several 
small branches and continued in the wall of the teat as the =tiRr. papillares 
(Aa. papillares of Otto 1961). 
4, The A, epigastrica caudalis superficialis was a direct continuation 
of the ~A, mammaria in four or five specimens. The vessel formed an 
anastomosis with the A, epigastrica cranialis superficialis (Figs. 3 and 
4), In one of the five specimens the ~A. mammaria terminated in the 
udder. In this case no A, epigastrica caudalis superficialis was present 
(Fig. 4). According to Otto (1961) the ~A, mammaria terminated as the 
~A, basalis cranialis which ramified in the base of the udder and ventral 
skin of the abdomen cranial to the gland. This is in agreement with the 
variation under discussion (Fig. 4). However, inasmuch as only one of 
five specimens coursed in this manner, we have decided to describe the 
continuation of the mA, mammaria as being the A, epigastrica caudalis 
superficialis. 
In the male the A, pudenda externa resembled that of the female until 
the ~Ramus caudalis was given off. Unilaterally, just caudal to the 
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TABLE 2. Linear measurement in centimeters of various vessels arising from the 
A. iliaca externs 
Goat Right Left 
~ 1 2 3 4 1 z 3 4 
1 1.5 5.0 1.5 1.8 1.4 4.8 1.$ 1.6 
2 2.0 6.3 1.7 1.5 1.7 6.5 1.6 1.7 
3 3.0 7.5 2.5 l.0 1.7 7.6 2.0 1.5 
4 2.5 7.0 2.4 1.5 1.7 8.0 2.5 1.6 
5 2.8 8.0 2.2 1.5 3.0 8.2 2.0 1.5 
6 2.0 5.8 2.2 1.9 1.1 6.0 2.4 1.0 
7 3.2 9.0 3.3 2.1 3.2 lo.0 3.0 3.4 
8 3.0 5.8 3.1 3.1 3.1 7.0 2.3 1.5 
9 2.6 4.4 4.9 2.3 2.4 5.8 3.4 2.1 
10 2.6 6.1 2.7 2.2 1.7 8.2 2.6 0.9 
1 Flom the origin of the A. iliaca externs to the origin of the A. circumflexa 
ilium profunda. 
2 Flom the origin of the A. circumflexa ilium profunda to the A. profunda femoris. 
3 Flom the origin of the A. profunda femoris to the origin of the Truncus 
pudendoepigastricus. 
4 Truncus pudendoepigastricus. 
sigmoid flexure of the penis the Ramus caudalis gave off a small urethral 
branch which entered the pars spongiosa (corpus cavernosum urethrae) 
(Fig. 1). The parent vessel continued its dorsocaudal course to ramify 
in the perineal region. The scrotal branch, R. scrotalis cranialiy, was 
given off between the emergence of the perineal branch and the level of 
the spermatic cord (Fig. 1), and supplied the lamina visceralis (~tunica 
vaginalis propria) and lamina parietalis (~tunica vaginalis communis) of 
the tunics vaginalis as well as the dartos, fascia, and skin of the scrotum. 
There were sometimes one or more additional small branches given off 
in the area. In three of five specimens the A, dorsalis penis originated 
unilaterally from the A. pudenda externs-two from the left and one from 
the right side. The parent vessel continued cranially as a medial (pre-
putial) branch and a lateral branch, the A, epigastrica caudalis super-
ficialis (Fig. 2). 
The preputial branch had two main variations: (1) It coursed cranially 
just lateral to the penis and dorsal to the caudal (retractor) preputial 
muscle, the right and left branches remained on their respective sides 
of the midline and continued cranial to the prepuce giving branches to the 
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Figure 4. Ventral view of the female (schematic). 
Explanations for points a, b, c and d are given in Table 1. 
Medial mammarian artery is equivalent to medial mammarian 
r amus . 
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Figure 3. Arteries to the genital tract of the female goat (schematic). 
A Rectum 
B (Lateral) coccygeal M. 
C Levator ani M. (medial 
coccygeal, retractor ani) 
D Vulva (pudendurr~) 
E Vestibule 
F Vagina 
G Body of uterus 
H Left horn of uterus 
I Right horn of uterus 
J Uterine (Fallopian) tube 
K Ovary 
L Bladder 
M Pubic symphysis 
O Lymph node (supramammary) 
P Udder 
Q Teat 
T Ureter 
1 Aorta abdominalis 
2 A, ovariaa (utero-ovarian) 
2' Ramus ovaricus 
2" Ramus uterinus 
3 A, mesenterica caudalis 
4 A, iliaca externa 
5 A, circumflexa ilium profunda 
6 A, sacralis mediana 
7 A, iliaca interna 
8 A. umbilicalis 
9 A. uterina (mediana) 
i0 A, iliolumbalis 
11 A, glutea cranialis 
=~ 12 A, urogenitalis 
13 A, glutea caudalis 
14 A. pudenda interna 
15 A. urogenitalis (caudal branch) 
16 A. urogenitalis (cranial branch; 
17 Vaginal branch 
18 Ramus uterinus (caudalis) 
(A, uterina caudalis) 
20 A, vesicalis caudalis 
21 Ramus uretericus 
26 A. perinealis ventralis 
29, 30 A. profunda femoris 
31 Truncus pudendoepigastricus 
32 A. epigastricus caudalis 
(profunda) 
34 A. pudenda externa 
35 A, mammaria 
35' R, mammaria cranialis 
36 R. mammaria caudalis 
3? R. mammaria medialis 
38 Rr. papillares 
40 A, epigastrica caudalis 
superficialis 
41 Superficial branch of 
A, mammaria 
'~ Terminology from Getty (19 55, 19 64) and Habel (19 64) . The term 
"urogenital" has been retained since, in the opinion of the authors, 
it is more meaningful. 
adjacent tissues along their entire course and especially to the prepuce, 
and anastomosed with a medial branch from the A, epigastrica cranialis 
superficialis (Fig. 2). (2) In two of the five specimens the right preputial 
branch crossed the midline ventral to the penis in the middle third of the 
distance between the scrotum and the prepuce, coursed cranially on the 
left side of the prepuce giving branches to the latter, and then anasto-
mosed with the common trunk of the medial branches of the right and 
left A, epigastrica cranialis superficialis on the left side of the ventral 
midline in the area of the prepuce (Fig. 2). A small branch was given off 
near the bifurcation of the right preputial branch and the right A, epi-
gastrica caudalis superficialis. This small vessel coursed cranially on 
its own side and ramified in the subcutaneous tissue just short of the 
prepuce (~ig.2). The left preputial branch divided into a small medial 
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and lateral branch. The medial branch terminated just caudal to the 
prepuce on the ventral midline while the lateral branch inclined laterally 
to join the A, epigastrica caudalis superficialis on the left side (Fig. 2), 
The A, pudenda externa persisted cranially to a point about midway be-
tween the scrotum and the prepuce before it divided into the latter de-
scribed preputial branches and the A, epigastrica caudalis superficialis 
(Fig. 2), A recurrent branch, as described in the bull (Ashdown 1960), 
could not be demonstrated. 
The A, epigastrica caudalis superficialis joined in an anastomosis 
with the A, epigastrica cranialis superficialis. Its origin varied from 
the level of the scrotum (Fig. 2) to midway between the scrotum and the 
prepuce (Fig. 2), 
The A. iliaca interna (A. hypogastrica) (Table 3) emerged from the 
abdominal aorta, 2. 5 cm cranial to the cranial border of the first sacral 
vertebra. It arose at a 30° angle of divergence from the midline. It 
coursed caudolaterally across the ventral surface of the wing of the 
sacrum, 0. 5 to 1. 0 cm lateral to the ventral foramen of the first sacral 
vertebra. It inclined slightly dorsally as it followed the contour of the 
latter. Caudal to the sacrum it turned slightly ventral on its latero-
caudal course on the deep face of the sacrospinotuberal (sacrosciatic) 
ligament. It terminated at the point where the mA. urogenitalis was 
given off. From this point it continued as the A, pudenda interna. Its 
chief branches are as follows: 
1. The A, umbilicalis arose with the A, uterina (mediana) in the 
female (Fig. 3) or the A, ductus deferentis in the male (Fig. 1). Its 
proximal portion lay on the superficial surface of the peritoneum along 
the lateral wall of the pelvic cavity. Its caudal course paralleled that of 
the A, uterina (mediana) (A, ductus deferentis) for a short distance. 
They soon diverged in a dorsoventral direction. The A. umbilicalis, as 
it continued caudally, was related ventrolaterally to the V. iliaca externa. 
It crossed the lateral face of the ureter and ductus deferens, then turned 
medially in the free edge of the lateral ligament of the bladder to supply 
the cranial part of the latter. 
Two to four small arteries emerged from the parent vessel at a vari-
able distance between its origin and midway to the bladder. These small 
branches coursed distally to the bladder in close proximity to the original 
vessel (Figs. 1 and 3). In most cases the lumen of the original vessel 
became obliterated distal to the emergence of the branches and truly 
became the "round ligament" of the bladder. In the latter case the small 
vessels assumed the function of the parent vessel. In one specimen the 
branches were distributed from the vertex to the neck of the bladder. 
2a. The A, uterina (mediana) arose by a common trunk with the um-
bilical artery (Fig. 3). The vessel accompanied the A, umbilicalis 
caudally for a short distance. It soon diverged from the latter in a ven-
tral direction. Shortly after crossing the lateral surface of the ureter 
the vessel coursed ventromedially in the middle one-third of the broad 
ligament of the uterus, as measured from the line of reflection from the 
body wall to its free edge. 
It approached the lateral aspect of the uterus in the area of the bifur-
cation of the cornua from the body of the organ. When it reached the 
uterus it inclined ventrally and slightly medially as it assumed a cranial 
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course on the ventrolateral aspect of the cornua of the uterus. The ves-
sel followed the lesser curvature of the cornua toward the free end of 
the latter. It formed anastomoses with branches from the Rami uterini 
(=~Aa, uterini cranialey). 
Branches radiated on the dorsal and ventral surfaces of the cornua 
toward the greater curvature of the latter. The vessel was tortuous and 
varied markedly in size with the stage of pregnancy. 
There were numerous anastomotic branches between the right and 
left Aa, uterini (mediana). Branches were given off the parent vessel, 
or one of its main branches, which coursed caudally on the ventral sur-
face of the body of the uterus to anastomose with branches of the Ramus 
uterinus (caudalis) (~~~A, uterina caudalis) (Fig. 3). 
2b. The A, ductus deferentis had the same origin in the male as the 
A, uterina (median had in the female. The vessel was small and lay in 
the retroperitoneal connective tissue as it coursed ventrocaudolaterally 
across the lateral face of the ureter to the deep (internal) inguinal ring 
(Fig. 1). It entered the inguinal canal as a component of the spermatic 
cord where it was related to the ductus deferens caudally and the A. 
testicularis (~~A, spermatica interna) and V. testicularis (V. interna 
spermatica) cranially. The artery supplied the ductus deferens and 
surrounding tissue distal to the deep inguinal ring. It did, or did not, 
extend to the tail of the epididymis, depending upon the size and extent 
of the branch from the =~A. accessoria testicularis (described under the 
A. testicularis). 
3. The A, iliolumbalis (Table 3) was a muscular branch. 
4. The A, glutea cranialiy (Table 3) was a muscular branch. 
5. The mA, urogenitalis (A, prostatica, A. vaginalis) was largely a 
visceral branch which arose from the ventromedial surface of the A. 
iliaca interna (Table 3, Figs. 1 and 3). It passed ventrocaudally on the 
lateral surface of the rectum as a single trunk. As it approached the 
ventrolateral aspect of the rectum it divided into a cranial and caudal 
branch. 
In the female the cranial branch gave off small vessels to adjacent 
structures throughout its course. It ran ventrocranially until it reached 
the lateral face of the vagina then turned cranially to parallel the latter. 
Its main branch, the Ramus uterinus (caudalis) (=~A, uterina caudalis), 
continued cranially to anastomose with branches of the A, uterina (me-
diana) (Fig. 3). The larger arterial vessels of the uterus, Rami uterini 
(Hilliger 1958), were found just deep to the serosa. Smaller vessels, 
Ramuli uterini (Hilliger 1958), branched from the latter and ramified in 
the myometrium. These myometrial branches gave off branches, Rami 
carunculosa (Hilliger 1958), to the caruncle. The latter gave off radi-
ating branches to the mucosa and underlying connective tissue. The 
cranial branch also supplied the distal portion of the ureter, Ramus 
uretericus, and the neck of the bladder, A, vesicalis caudalis (Fig. 3). 
The caudal branch gave off vaginal, vestibular, dorsal perineal and 
rectal branches. Other small branches coursed caudally to anastomose 
with branches of the A, pudenda interna. 
In the male the cranial branch assumed its cranial course at the base 
of the seminal vesicle (Fig. 1). It passed along the lateral face of the 
latter giving branches to it. The vessel continued cranially, giving off 
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three main branches: the deferential branch (A, ductus deferentis), 
which coursed along the lateral face of the ampulla of the ductus deferens 
and continued along the ductus deferens to the deep inguinal ring; the 
ureteral branch (Ramus uretericus), which coursed cranially along the 
ureter; and the vesicular branch (A, vesicalis caudalis), which supplied 
the neck and caudal portion of the bladder. 
The caudal branch gave branches to the urethra (Ramus urethralis), 
bulbourethral gland, rectum and anus. In four of five cases anastomoses 
were formed with the A, pudenda interna at the cranial extremity of the 
bulbourethral gland (Fig. 1). 
Both cranial and caudal branches supplied the area of the prostate 
gland. The size of the A, rectalis caudalis, in both sexes, was depen-
dent upon the extent of development of the A, rectalis (hemorrhoidalis) 
cranialis. In one of the ten specimens the latter artery was very well 
developed to the anus. In this case there was no rectal branch given off 
from the caudal branch of the ~A. urogenitalis. 
The A, pudenda interna was the continuation of the A, iliaca interna 
after the A. glutea caudalis was given off (Table 3, Figs. 1 and 3). The 
A, pudenda interna ran for a variable distance in the substance of the 
sacrospinotuberal ligament, or on its lateral surface. It passed ventro-
caudally on the lateral surface of the levator ani muscle giving branches 
to the latter. The vessel continued its caudal course, inclining ventrally 
and medially, until it approximated its fellow from the other side shortly 
before reaching the ischial arch. In the latter mentioned area the vessel 
was related dorsally to the vestibule in the female and the urethra in the 
male. In both sexes it was related laterally to its satellite vein and 
ventrally to the pudic nerve (n, pudendus). 
In the female small twigs were given off to the anus. Vulvar branches 
supplied the wall of the vestibule, vulva, and labia of the vulva. The A. 
clitoridis supplied the clitoris. 
Ln the male, a large branch was given off just caudal to the bulboure-
thral gland (Fig. 1). It curved dorsally in close proximity to the dorso-
caudal border of the gland. A short distance from its origin it gave off 
a branch from its medial face which coursed medially to enter the cranial 
extremity of the bulb of the penis (urethral) as the A, bulbi penis (ure-
thrae). The parent branch also gave several branches to the bulboure-
thral gland as it continued dorsally. The A, perinealis ventralis was 
given off a short distance dorsocranial to thebulbourethral gland. It 
coursed laterocaudally to the ischiorectal fossa where it turned ventral 
to the perineal region. A branch of the A, urogenitalis formed an anas-
tomosis with the parent branch dorsocranial to the bulbourethral gland 
near the origin of the A, perinealis ventralis. Thy A, pudenda interna 
continued its course to the ischial arch where it terminated in one of 
three ways: ~' 
1. In one of five specimens the left A. pudenda interna pierced the 
tunica albuginea penis on the ipsolateral side and terminated in the 
corpus cavernosum penis as the A: profunda penis. 
The right A, pudenda interna gave off a branch, the A. profunda penis, 
and continued over the ischial arch as the A, dorsalis penis. The latter 
assumed a position on the dorsomedian surface of the penis which it 
maintained until it reached the second curve of the sigmoid flexure, The 
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vessel then bifurcated into right and left branches which curved to their 
respective lateral faces of the penis. They continued cranially to the 
glans penis. Amore detailed description of the blood supply to the penis 
is given under a separate heading. 
2. In one of five specimens the right A, pudenda interns terminated 
at the ischial arch. Its left counterpart persisted as the A, dorsalis 
penis. It was similar in all respects to the first described anatomical 
arrangement except that the right and left parent arteries were reversed. 
The vessel that persisted as the A, dorsalis penis was larger. 
3. In three of five specimens both the right and left Aa, pudenda 
interni terminated in the corpus cavernosum penis at the ischial arch. 
In this case the A. pudenda externs gave off a branch that assumed a 
position on the dorsal aspect of the penis caudal to the sigmoid flexure. 
This vessel bifurcated into right and left branches and terminated in a 
manner similar to those described under 1 and 2. 
The blood supply to the penis is described as follows: 
The pars spongiosa (corpus cavernosum) of the urethra was supplied 
by right and left branches from the Aa, pudenda interni, Aa, bulbi penis 
(urethrae), and a unilateral branch (A, urethralis) from the A, pudenda 
externs (Fig. 1). The Aa, bulbi penis merged shortly after passing over 
the ischial arch. A single vessel continued distally in the ventromedial 
aspect of the pars spongiosa of the urethra. This vessel took its supply 
from both the Aa, bulbi penis and the A, urethralis. 
The corpus cavernosum penis was supplied by the Aa, profundi penis 
(Fig. 1). The main artery sometimes divided into two branches before 
piercing the tunics albuginea of the crus penis. The main branch re-
tained its identity in the corpus cavernosum penis for a short distance. 
It soon joined its fellow from the opposite side and continued caudally for 
a short distance as a single vessel. Right and left branches were given 
off which inclined in a lateroventral direction as they coursed distally in 
the corpus cavernosum penis. The parent branch continued distally for 
a short distance in the dorsomedial aspect of the corpus cavernosum 
penis. The latter vessel terminated in a second pair of branches. The 
terminal branches were smaller than the first branches and extended to 
the middle one-third of the penis. 
The origin of the A. dorsalis penis is described under the A, pudenda 
interns and the A, pudenda externs. It was first seen in a series of 
cross sections. The reason for its delayed appearance in this particular 
specimen was that the artery originated from the A, pudenda externs. It 
gave off branches along its course, which penetrated the tunics albuginea 
penis. The vessel supplied the latter mentioned tunic, the trabeculae, 
which separated the cavernous sinuses, and the connective tissue imme-
diately surrounding the penis, in part. 
DISCUSSION 
The general pattern of the arterial supply to the genitalia and acces-
sory structures in the goat was similar to that of other ruminants. The 
review of literature of the main blood supply of the female and male re-
productive tracts of ruminants was discussed by Tanudimadja, Getty and 
Ghoshal (1968). Both the A, iliaca interns and the A, iliaca externa are 
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regarded as arising from the abdominal aorta. Salamanca and Schwarz 
(1960) described the abdominal aorta as terminating at the level of the 
A, iliaca externa. The short trunk between the origin of the A, iliaca 
externa and A, iliaca interna, according to them, is the common trunk 
of the right and left A, iliaca interna. The length of the Aa. iliaca ex-
terna and Aa. iliaca interna indicates that there is no significant differ-
ence between those on the right and those on the left side. Also, the 
arteries studied proved to be significantly consistent in length. This is 
especially pertinent when considering the difference in size and confor-
mation of the specimens. The findings in our study on the goat do not 
agree with those of Otto (1961) in all cases. 
In all cases the A, epigastrica cranialis (profunda) emerged from the 
level of the rib cage in the costosternal angle. This was not in agree-
ment with Otto who described it as emerging between the seventh and 
eighth ribs. One of the ten specimens presented a very small vessel 
which terminated cranial to the umbilicus. This resembled McLeod's 
(1958) description of the anterior subcutaneous abdominal artery in the 
bovine. Sisson and Grossman (1953) made no mention of the anterior 
subcutaneous abdominal artery, nor did Otto, in the goat. 
The origin of the A, ductus deferentis arising by a common trunk with 
the umbilical artery was in agreement with the description of Sisson and 
Grossman (1953), McLeod (1958) described the A, deferentialis as 
arising from the A, urogenitalis, as in the dog. 
The A, cremasterica (A. spermatica externa) has been described as 
originating from several different sites: from the pudendoepigastric 
trunk in the ox (Habel, 1964); from the homologue of the middle uterine 
in the ox (McLeod 1958); from the pudendoepigastric trunk in the goat 
(Salamanca and Schwarz 1960); and from the external iliac, deep circum-
flex iliac, aorta or internal iliac in the horse (Sisson and Grossman 
1953). Getty (1955, 1964) illustrated, in a schematic drawing, the vessel 
as arising from the A, pudenda externa in the bovine. This is in agree-
ment with four of the five specimens examined in this study. In the fifth 
specimen the vessel originated from the A, epigastrica caudalis (profunda) 
just after the latter was given off from the Truncus pudendoepigastricus. 
The disposition of the A, cremasterica (A. spermatica interna) in re-
lation to the plexus pampiniformis and the testicle, leads one to make the 
assumption that the temperature of the testicle is very important (Harri-
son and Weiner 1948; Harrison 1949). In the five specimens dissected a 
very thin sheet of the tunic covered the artery on its course along the 
testicle. This essentially agrees with Sisson and Grossman (1953), In 
the latter mentioned dissections the large branches of the A, cremaste-
rica (A, spermatica interna) that coursed toward the head extremity of 
the testicle were embedded in the deep layers of the tunica albuginea, in 
agreement with Sisson and Grossman. Hofmann's nomenclature (1960), 
in which he described the A, spermatica interna as terminating at the 
point where it penetrates to the deep layers of the tunic in three parts; 
"pars abdominalis, pars eonvoluta, and pars marginalis;" his use of the 
term "Aa, testiculares" for the deeply embedded large branches; and his 
referring to the vessels that course through the parenchyma as the "Aa. 
radiatae testes, " is clear and logical, 
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There was a liberal blood supply to the prepuce by way of the preputial 
branches of the Aa, pudendi externi, A recurrent artery of the prepuce, 
as described by Ashdown (1960) in the bull, was not found. The disposi-
tion of the preputial branches was such that there appeared to be no logi-
cal need for a recurrent branch. There was no difference in the disposi-
tion of the A, dorsalis penis regardless of the fact that the origin was 
variable. Although anastomoses between branches of the A. dorsalis 
penis and the preputial branch of the A. pudenda externa were not demon-
strated, it is quite possible that they do exist. The branches of these 
vessels ramified in close proximity to each other. 
The distribution of the A, profunda penis in the goat was such .that a 
unilateral obstruction of the vessel could conceivably deviate it from its 
normal positiorL, One difference from the bovine, of note in the goat, is 
that the cavernous tissue was supplied by single large branches from the 
Aa. profundi penis. 
The thick-walled vessels in the cortical stroma of the ovary are worthy 
of further investigation. The age and breeding history were not available 
for the specimens. The thickness of the vessel walls may be due to in-
fluences during a normal estrus cycle. It may also be due to arterio-
sclerosis. No attempt was made to study the vessel walls histologically. 
Otto (1961) does not mention an A. epigastrica caudalis superficialis 
in the goat. This artery was found to be absent in one of five specimens 
dissected in our study. It must be pointed out that the A. epigastrica 
caudalis superficialis was present in the remaining four of five female 
specimens dissected. Therefore, for the present the A. epigastrica 
caudalis superficialis is described as being present in a majority of 
cases. It is described as being a direct continuation of the A, mammaria. 
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CUTANEOUS NERVES OF THE TRUNK OF THE DOMESTIC PIG 
WITH SPECIAL REFERENCE TO SPINAL NERVES1
Sham GandhiZ - and Robert Getty3
ABSTRACT. Ten pigs of varying breeds were dissected 
in order to document the cutaneous nerve supply of the 
cervical region. Embalmed and fresh specimens were 
used. Two methods of approach were followed —centri-
petal (nerves located on the under surface of tY}e skin 
and traced back to their point of origin) and centrifugal 
(main nerve trunk picked up at its point of origin and 
its branches traced to their points of termination on 
the under surface of the skin) . In all specimens there 
were eight pairs of cervical spinal nerves which exhi-
bited all the characteristics of a typical spinal nerve. 
The dorsal branches, except for the first cervical 
nerve, subdivided into medial and lateral branches. 
All the medial branches, except the first and eighth, 
terminated as cutaneous nerves on the dorsal aspect 
of the cervical region. The ventrolateral and ventral 
aspects were innervated by the cutaneous nerves given 
off by the lateral branches of the ventral branches of 
the second, third, fourth and fifth cervical nerves. The 
N. auricularis magnus and the N. transversus colli 
arose from the conjoined trunk of the second and third. 
A dorsal and ventral cervical plexus was formed in the 
pig. 
INTRODUCTION 
There appears to be very little information available in the literature 
regarding the pattern of cutaneous innervation in the domestic pig, or in 
other domestic animals, except for the dog (Miller, Christensen and 
Evans 1964), the horse (Barone 1964) and cattle (Schaller 1956), although 
a great deal of work has been done on the comparative anatomy of the 
spinal cord and the origin of various spinal nerves by Go31er (1959) and 
in the pig by Jankovic (1954). Therefore, it was felt necessary to inves-
1 Taken in part from a 1966 M. S, thesis by Dr. Gandhi under ~~the direc-
tion of Dr. Getty, Department of Veterinary Anatomy, Iowa State Univer-
sity, Ames, Iowa 50010. z Dr. Gandhi's present adress is: Graduate Fellow, Department of 
Pharmacology, School of Medicine, Saint Louis University, St. Louis, 
Missouri 63103. s Professor and Head, Department of Veterinary Anatomy, Iowa State 
University, Ames, Iowa 50010. 
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tigate this area to fill the lacuna which exists in the literature and to 
supplement the fragmentary and inconclusive references available in 
textbooks. The studies have encompassed the cervical, thoracic, lum-
bar, sacral and coccygeal regions. Moreover, it is hoped that the in-
formation gathered will be of practical use in applied anatomy, regional 
anesthesia and clinical diagnosis, particularly in differential diagnosis 
of spinal lesions. The studies have been conducted to investigate all the 
cutaneous nerves except those arising from the brachial and lumbo-
sacral plexuses. 
MATERIALS AND METHODS 
Ten pigs, six females and four males, of varying breeds and ages, 
were dissected. The specimens were prepared and embalmed with the 
usual embalming technique followed in the Department of Veterinary 
Anatomy at Iowa State University, except for two which were dissected 
in the fresh state. Essentially, two methods of approach—centripetal 
and centrifugal—were followed for dissecting the various cutaneous 
nerves. In the first method the nerves were located on the under sur-
face of the skin and were then traced back to their point of origin. In 
the second method, the main nerve trunk was picked up at its point of 
origin and then its branches were traced to their point of termination on 
the under surface of the skin. The dissection was initiated in the cervi-
cal region by making amid-dorsal incision from the occipital condyles 
to the seventh cervical vertebra and then reflecting the skin ventro-
laterally at these points. At times, the nerves were painted with yellow 
latex and then photographed for the purpose of illustration. 
RESULTS 
Cervical Nerves (Nn. cervicales) 
The innervation of the skin of the neck region was accomplished by 
the various cutaneous branches given off by the cervical spinal nerves. 
In all ten specimens dissected, the number of cervical spinal nerves was 
found to be eight, while the number of cervical vertebrae was seven. 
Because of this, the second to seventh cervical spinal nerves, inclusive, 
lay cranial to the corresponding cervical vertebra. The first cervical 
spinal nerve emerged through the lateral vertebral foramen of the atlas., 
The eighth cervical nerve emerged through the intervertebral foramen 
between the last cervical and first thoracic vertebrae. These nerves 
showed all the characteristics of a typical spinal nerve and, soon after 
their emergence, divided into dorsal and ventral branches. The dorsal 
branches were much thinner than the ventral branches and traversed 
dorsally, while the stronger, well developed ventral branches took an 
oblique caudoventral course. Both dorsal and ventral branches, in their 
course, gave off cutaneous branches which were responsible for the in-
nervation of the skin of the dorsal and ventral aspects of the neck region. 
The manner of origin, course, branching, distribution, relationships 
and the area of ramification were variable from specimen to specimen 
and sometimes there were minor differences in the relationships, and 
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branching of these nerves between the right and left sides of the same 
specimen. However, in general, these nerves showed a fairly constant 
pattern with most of the variations being observed in the ventral branches 
of the cervical nerves. 
Dorsal Branches (Rami dorsales) 
The thinner and finer dorsal branches, after their emergence, tra-
versed dorsally towards the dorsal aspect of the neck. After a short 
distance they further subdivided into medial and lateral branches. This 
division was not always distinct and well marked, although in all the 
specimens dissected it was observed that the medial branches (Rami 
mediales) finally terminated as cutaneous branches and during their dor-
sal course gave off a number of branches for the innervation of the 
various muscles of the dorsal aspect of the neck region. In seven cases 
out of ten there was a marked subdivision of the dorsal branches into 
medial and lateral branches. The medial branches finally terminated as 
the cutaneous branches. The lateral branches (Rami laterales) were 
entirely responsible for the innervation of the dorsal muscles of the neck 
and never terminated as cutaneous branches. The formation of a dorsal 
cervical plexus was observed in the pig, being mainly formed by the 
medial branches of the dorsal branches of the fourth, fifth and sixth 
cervical spinal nerves in eight out of ten specimens. In two cases no 
intercommunicating branches were seen between the medial branches 
and no dorsal cervical plexus was formed. In all the specimens dissected, 
except two, the dorsal branches of the first cervical spinal nerves, and 
in all specimens, the dorsal branch of the eighth cervical spinal nerve, 
did not terminate as cutaneous branches. 
a. Dorsal branch of the first cervical nerve (Ramus dorsalis 
N, cervicalis primus) (N, suboccipitalis) 
The dorsal branch of the first cervical nerve, after its emergence, 
took a craniodorsal ascending course and lay between the M. obliquus 
capitis caudalis and the M, rectus capitis dorsalis major. The dorsal 
branch of the first cervical nerve did not divide into medial and lateral 
branches in any of the specimens, although it gave off distinct branches 
for the innervation of the muscles of the neck during its course. It con-
tinued in its dorsal course going deep into the muscles of the cranial 
part of the neck and lay under cover of the M. semispinalis capitis and 
the M, splenius capitis. It finally terminated in the M. rectus capitis 
dorsalis major and ligamentum nuchae in all except two specimens. In 
two specimens it perforated the ligamentum nuchae and was distributed 
as a cutaneous branch in the skin covering the base of the pinna just 
caudal to the poll region. 
b. Dorsal branch of the second cervical nerve (Ramus dorsalis 
N. cervicalis secundus) (N. occipitalis major) 
After its emergence, the dorsal branch of the second cervical nerve 
traversed a short distance caudally and then ascended in a caudodorsal 
direction between the M, obliquus capitis caudalis and the M, intertrans-
versarius dorsalis. After traversing a short distance it divided into 
medial and lateral branches which traversed through the M. semispinalis 
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capitis and M. splenius, The smaller lateral branch (Ramus lateralis) 
was distributed in the dorsal muscles of the neck; while the long, fine, 
slender medial branch continued ascending dorsally towards the spine of 
the axis and finally perforated the M. rhomboideus cervicis, M, trape-
zius (pars cervicalis) and ligamentum nuchae to appear on the under 
surface of the skin of the mid-dorsal aspect of the neck region (Figs. 1 
and Z), It then bent craniolaterally and spread out on the surface of the 
skin covering the base of the pinna and caudal part of the temporal 
muscles (Figs. 1 and 2). In those cases where the dorsal branch of the 
first cervical nerve terminated as a cutaneous branch, it was seen 
spreading out in the area just cranial to the dorsal branch of the second 
cervical nerve. 
c.. Dorsal branch of cervical nerves III to VII (Rami dorsales 
Nn. cervicales tertius - septimus) 
The course followed by the dorsal branches of the third to seventh 
cervical nerves was essentially the same. It appeared that these nerves 
progressively decreased in size with the dorsal branch of the seventh 
being much smaller than the dorsal branch of the second cervical nerve. 
Immediately after their emergence through the lateral vertebral fora-
men of the corresponding cervical vertebra, the dorsal branches followed 
almost a straight dorsal ascending course, traversing over the M. inter-
transversarius dorsalis cervicis to go between the cervical part of the 
M, multifidus and the M. longissimus capitis et atlantis, After travers-
ing ashort distance, these branches divided into medial and lateral 
branches. The smaller lateral branches penetrated the musculature of 
the neck, spreading out on the M. complexus and M. biventer cervicis. 
The long, slender medial branches continued ascending dorsally, passing 
through the M. semispinalis capitis and M. splenius cervicis towards the 
mid-dorsal line to lie between the M, semispinalis capitis and the lamel-
lar part of the ligamentum nuchae (Figs. 1 and 2), Finally, these 
branches perforated the M. rhomboideus cervicis and M. trapezius (pars 
cervicalis) and ligamentum nuchae to appear under the surface of the 
skin. It was seen that, soon after emergence, the fourth, fifth and sixth 
gave off communicating branches to each other in eight cases and led into 
the formation of the dorsal cervical plexus (Plexus dorsalis cervicalis) 
(Figs. 1 and 2). However, in two cases, no such communicating branches 
were seen and no plexus was formed. Under the surface of the skin, 
these branches bent laterally to spread out on the under surface of the 
skin of the dorsolateral aspect of the neck region. It was noticed that the 
medial branches of the third or fourth dorsal branches traversed a con-
siderable distance under the skin, embedded in the superficial fat, and 
coursing as far as the middle of the neck region. 
d. Dorsal branch of the eighth cervical nerve (Ramus dorsalis 
N, cervicalis octavus) 
The dorsal branch of the eighth cervical_nerve did not terminate as a 
cutaneous branch and was seen to be the smallest branch. There was no 
distinct division into medial and lateral branches and in all of the speci-
mens dissected, it appeared grossly as terminating in the muscles of 
this region. 
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Ventral branches of cervical spinal nerves I - VIII (Rami ventrales 
Nn, cervicales primus - octavus) 
The larger and stronger ventral branches showed much variation in 
their branching, intercommunications and distributions, sometimes 
even between the right and left sides of the same animal. Each of the 
ventral branches emerged through the intervertebral foramen lying 
cranial to its corresponding cervical vertebra, except the first and the 
last ventral branches. Immediately after their emergence, each divided 
into two unequal branches —the medial branches (Rami mediales) and 
lateral branches (Rami laterales). 
The smaller medial branches took a dorsal course and were respon-
sible for the innervation of th:, various muscles of the neck region. The 
larger and stronger lateral branches traversed caudoventrally and usu-
ally further subdivided into two or more branches. Some of these ter-
minated as cutaneous branches, innervating the skin of the lateral and 
ventrolateral aspects of the neck region. It was observed that the lateral 
branches, in eight out of ten cases, gave off strong intercommunicating 
branches leading into the formation of the ventral cervical plexus (Plexus 
cervicalis ventralis). In spite of considerable minor variations, a fairly 
constant pattern regarding their branching, intercommunications and 
ramification had been observed and in ten specimens dissected there 
were three types of arrangements observed. 
Type I - In seven cases, the lateral branch of the ventral branch of 
the second cervical nerve united with the third. It then had communicat-
ing branches with the fourth and fifth. The fifth, sixth, seventh and 
eighth ventral branches of the cervical nerves united with each other. In 
five out of seven cases, it was observed that the lateral branch of the 
fifth cervical nerve gave off a branch which united with the fourth, while 
in two cases the lateral branch of the fourth united with the lateral 
branch of the fifth. 
Type II - In two cases, it was observed that although the ventral 
branches of the second and third cervical spinal nerves united with each 
other, there were no communicating branches between the fourth and 
fifth. The fifth, sixth, seventh and eighth had communicating branches. 
Type III - In one case it was observed that all the lateral branches of 
the cervical nerves, except of the first, united with each other. 
a. Ventral branch of the first cervical nerve (Ramus ventralis 
N. cervicalis primus) 
The ventral branch of the first cervical nerve was comparatively 
smaller than the ventral branches of the preceding nerves. It traversed 
caudolaterally under the wing of the atlas along with occipital artery 
(A, occipitalis) and vein lying between the M, rectus capitis lateralis 
and M. longus capitis (rectus capitis ventralis major) (Fig. 2). It usually 
divided into two branches and then went deep into the musculature to lie 
along with the vagosympathetic trunk. It did not terminate as a cutane-
ous branch. 
b. Ventral branch of the second cervical nerve (Ramus ventralis 
N, cervicalis secundus) 
This branch was stronger than its dorsal branch. Soon after its 
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emergence through the spinal canal it traversed a short distance caud-
ally and the major portion joined the ventral branch of the third cervical 
nerve. Usually, before this union, it gave off a small branch which 
coursed towards the jugular furrow and ramified in the muscles of the 
neck. 
From the conjoined trunk of the second and third cervical spinal 
nerves, branches corresponding to the great auricular nerve and the 
transverse cervical nerve were given off. 
The great auricular nerve (N. auricularis magnus) was very well 
developed. It had a craniodorsal course and was covered by the M. 
brachiocephalicus and M. serratus ventralis cervicis, lying over the M. 
splenius. At this level it further subdivided into two branches, cranial 
and caudal. The larger cranial branch continued craniodorsally in the 
direction of the pinna, ascending towards the base of the ear. It finally 
pierced the M. cleido-occipitalis to spread out under the skin around 
the base of the ear by dividing into two or three branches (Fig. 3). The 
smaller caudal branch stretched caudally to ramify in the muscles. 
The smaller transverse cervical nerve (N. transversus colli) tra-
versed caudoventrally crossing over the jugular vein, and in some 
cases divided into two branches at this level. One of these branches 
coursed towards the parotid salivary gland while the other continued 
caudally towards the ventral aspect of the neck to pierce through the 
cutaneous muscle and ramified under the skin of the ventral aspect of 
the neck region. It received contributory branches from the spinal 
accessory nerve (N. spinalis accessorius) in all the specimens dissected 
(Figs. 1, 2 and 3). 
c. Ventral branch of the third cervical nerve (Ramus ventralis 
N, cervicalis tertius) 
Soon after its emergence through the intervertebral foramen, it was 
joined by the ventral branch of the second cervical nerve. After tra-
versing ashort distance it divided into two branches —a small medial 
branch which traversed dorsally to ramify in the muscles, while the 
larger, stronger lateral branch traversed ventrally, lying over the M. 
longus capitis (rectus capitis ventralis major), and after a short dis-
tance divided into two cranial and caudal branches. 
The cranial branch coursed towards the ventral part of the parotid 
salivary gland and was distributed under the skin of this region. The 
caudal branch had a caudoventral course, lying between the M. brachio-
cephalicus and M. omotransversarius, and passed ventrolaterally to 
finally spread out on the skin of the middle part of the ventrolateral 
aspect of the neck (Fig. 3). The origin and course of the great auricular 
and transverse cervical nerves from the conjoined trunk have been de-
scribed earlier. 
d. Ventral branches of the fourth and fifth cervical nerves 
(Rami ventrales Nn, cervicales quartus et quintus) 
Both branches had all the characteristics of the typical spinal nerve 
and subdivided into medial and lateral branches. The medial branches 
were muscular branches for the muscles of the neck, while the lateral 
branches further subdivided into two twigs which terminated on the skin. 
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The lateral branch of the fourth cervical nerve, which was very well 
developed, passed over the M, scalenus ventralis in a caudoventral 
direction under the M. brachiocephalicus and M. omotransversarius. 
After traversing a considerable distance it received a communicating 
branch from the ventral branch of the fifth cervical nerve in all speci-
mens dissected (Figs. 1, 2 and 4). A number of variations in the man-
ner and level at which these communicating branches united with each 
other were observed. In only two specimens, on the left side, it was 
observed that there were no communicating branches between the fourth 
and fifth. This united trunk, under the M. brachiocephalicus just cranial 
to the shoulder joint, divided into cranial and caudal branches which 
finally emerged through these muscles and traversed superficially under 
the skin towards the ventral aspect of the neck (Fig. 4). Each divided 
into a number of small cutaneous twigs which spread out on the surface 
of the skin of the ventral aspect of the neck, cranial to the sternum. The 
lateral branch of the fifth usually divided into cranial and caudal branches. 
The cranial traversed forward to join the lateral branch of the fourth, 
while the caudal branch joined the sixth. 
e. Ventral branches of the sixth, seventh and eighth cervical nerves 
(Rami ventrales Nn, cervicales sextus, septimus et octavus) 
These were very well developed and strong branches, initially lying 
under the M. scalenus dorsalis. They were seen communicating with 
each other and contributed in the formation of the brachial plexus. The 
branches arising from this plexus were not investigated in the present 
study, 
DISCUSSION 
As in all other domestic ahimals, there were eight pairs of cervical 
spinal nerves, but both the dorsal and ventral branches emerged through 
different foramina. The dorsal branches emerged through the lateral 
vertebral foramina of the corresponding vertebrae, and, therefore, were 
seen lying along with the corresponding cervical vertebra. Nickel e_t al. 
(1961) agree that in the pig the dorsal branches emerge through the 
lateral vertebral foramina. The ventral branches emerged through the 
intervertebral foramina and lay caudal to the corresponding cervical 
vertebrae (Figs. 1 and 2), except the ventral branch of the first which 
emerged through the intervertebral foramen of the atlas. It was found 
that, as is the case in the dog (Miller et al. 1964), cattle (Schaller 1956) 
and the horse (Barone 1964; Sisson and Grossman 1953), in the pig, as 
well, all the cervical nerves did not give off cutaneous nerves.' It was 
observed that the dorsal branches of the fourth, fifth and sixth cervical 
nerves had communicating branches forming the dorsal cervical plexus 
in all except two cases. This was in accord with Montane and Bourdelle 
(1920). A similar plexus is present in the horse (Barone 1964; Sisson 
and Grossman 1953), while in the dog (Miller et al. 1964) and in cattle 
(Schaller 1956) no such plexus is formed. The medial branches of the 
dorsal branches terminated as the cutaneous nerves on the dorsal aspect 
of the neck, while the lateral branches were muscular. In most cases 
the medial branches of the first and eighth cervical nerves did not 
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Figure 1. Deep dissection of the cervical region showing the course 
followed and formation of the dorsal cervical plexus and 
ventral cervical plexus by the Rami dorsales and ventrales. 
b M. brachiocephalicus 
d M. sternocephalicus 
w' M. scalenus ventralis 
x' M. intertransversarii ventralis cervicis 
A N. auricularis magnus 
V Jugular vein 
CZa' - Cga' Rami mediales of Rr, dorsales Nn, spinales cervicales 
II to VIII 
Clb - Cgb Rami ventrales of Nn, spinales cervicales Ito VIII 
Cob' b~~ Ramus medialis of R, ventralis N, spinalis cervicalis IV CZ + 3 Rami laterales of Rr, ventrales II and III 
Cob" Ramus lateralis of R. ventralis IV 
C4 + C5b" Rami laterales of Rami ventrales IV and V 
Tla' Ramus medialis of R, dorsalis N, spinalis thoracicus I 
T la" Ramus lateralis of R, dorsalis N, spinalis thoracicus I 
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Tea 
Figure Z. Schematic right lateral view showing the emergence of the 
Rami dorsales and Rami ventrales thro ugh their respective 
foramina and their relationships with the vertebrae. 
A N. auricularis magnus 
C la' - C7a' Rami mediales of Rami dorsales Nn, spinales cervicales 
I to VII 
C lb - Cgb Rami ventrales of Nn, spinales cervicales Ito VIII 
Cob' Ramus medialis of Ramus ventralis N, spinalis cervicalis 
IV 
Cab" - C5b" Rami laterales of Rami ventrales Nn. spinales cervicales 
G Foramen vertebralis lateralis 
Tla' Ramus medialis R, dorsalis N. spinalis thoracicus I 
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Figure 3. Lateral view showing the emergence, branching and distribu-
tion of the cutaneous branches of the cervical nerves in 
relation to the superficial muscles of the cervical region. 
a M. trapezius (pars cervicalis) 
b M. brachiocephalicus 
d M. sternocephalicus 
e M, omotransversarius 
f M, omohyoideus 
g M. sternothryroideus 
CZa' - C7a' Rami mediales of Rr, dorsales Nn, spinales cervicales 
II to VII 
CZ + 3b~~ Rami laterales of Rr. ventrales Nn, spinales cervicales 
II et III 
C4 + Sb~~ Rami laterales of Rr. ventrales Nn. spinales cervicales 
IVetV 
Tla' Ramus medialis of R. dorsalis N. spinalis thoracicus I 
TZa" Ramus lateralis of R, dorsalis N, spinalis thoracicus II
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Figure 4. Right lateral view of the cervical region showing the course, 
branching and intercommunicating branches of Rr, dorsales 
and Rr, ventrales. 
b 
d 
r' 
t 
w' 
x' 
Y 
Y~ 
z 
9 
A 
V 
CZa' - C7a' 
Clb 
Cob' CZ + 3b" 
Cob 
C4 '~. 5b" 
TZa' 
T a" z 
TZb 
M. brachiocephalicus 
M. sternocephalicus 
M, longissimus cervicis 
M. iliocostalis 
M. scalenus ventralis 
Mm. intertransversarii ventrales cervicis 
M. rhomboideus capitis 
M. rhomboideus cervicis 
M. complexus 
N. thoracicus lateralis (externus) 
N, auricular is magnus 
Jugular vein 
Rami mediales of Rr, dorsales Nn. spinales cervicales 
II to VII 
Ramus ventralis of N 
Ramus medialis of R. 
Rami laterales of Rr. 
II and III 
Ramus lateralis of R. 
Rami laterales of Rr. 
IV and V 
Ramus medialis of R. 
Ramus lateralis of R. 
Ramus perforantis of 
spinalis cervicalis I 
ventralis N. spinalis cervicalis IV 
ventrales Nn. spinales cervicales 
ventralis N, spinalis cervicalis IV 
ventrales Nn. spinales cervicales 
dorsalis N, spinalis thoracicus II 
dorsalis N, spinalis thoracicus II 
N, inter costalis 
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terminate as cutaneous nerves. This seems to be true in the case of 
cattle also (Schaller 1956). In the horse, Barone (1964) and Sisson and 
Grossman (1953) state that the dorsal branches of the seventh and eighth 
cervical nerves do terminate as cutaneous branches, while in the dog, 
according to Miller et al. (1964), the dorsal branch of the eighth may be 
absent. 
The ventral branches were seen to be much stronger and well devel-
oped than the dorsal branches. It was seen that in all the specimens 
dissected there were communicating branches between the second and 
third, fourth, fifth, sixth, seventh and eighth; except in the cases on the 
left side only were there no communicating branches between the fourth 
and fifth and only in one case on the left side only there were communi-
cations between the third and fourth. The ventral branch of the first did 
not have any communicating branches. So, in the pig, in all but one 
case, a ventral cervical plexus was formed. This is also the case in 
the horse (Barone 1964; Sisson and Grossman 1953) and cattle (Schaller 
1956), while in the dog it is rarely formed (Miller et al. 1964). It was 
found that, contrary to all available literature, in the pig the ventral 
branch of the second cervical nerve did not have an independent course 
and the N. auricular is magnus and N, transversus colli arose from the 
conjoined trunk of the ventral branches of the second and third cervical 
nerves. Montane and Bourdelle (1920) appear to disagree. In all other 
animals these branches are given off by the ventral branch of the second 
cervical nerve. It was observed that the lateral branches of these cer-
vical nerves, under the surface of the skin, extensively subdivided into 
five, slender, long cutaneous branches and there appeared to be exten-
sive overlapping of the areas innervated by each of them. 
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SEEDLING STEM IN QUERCUS L. 
H. Lloyd Mogensenl,z
Iowa State University, Ames, Iowa 
ABSTRACT. Histogenesis of the seedling stems of two 
species of Quercus  (Q, alba  and Q, velutina)  is de-
scribed. Tissue development is followed through' the 
first season of growth. Developmental features which 
differ from the usual are: (1) the differentiation of 
protoxylem before protophloem, and (Z) the formation 
of initial phellogen deep within the cortex of some seed-
ling stems. Differences between the anatomical struc-
ture of the two species at the end of the first season 
of growth are also discussed. 
INTRODUCTION 
Most anatomical investigations on the oak stem have dealt with the 
mature secondary xylem of the older tree. Those investigations which 
have dealt with the developmental aspect of oak stems have been done 
primarily with twigs from older trees, rather than seedling stems. In 
the present study the origin and differentiation of tissues within the seed-
ling stem has been followed through the first season of growth, An at-
tempt has been made to correlate both external and internal structure 
with the age and size of the seedling stem. It is believed that a study of 
this type will not only provide basic anatomical information but will pro-
vide it in such away as to be useful for further investigations on the 
physiology, morphogenesis, and pathology of the oak seedling. 
REVIEW OF PERTINENT LITERATURE 
External features of acorn germination and subsequent seedling de-
velopment, without reference to internal anatomy, have been described 
by Sachs (1875), Englemann (1880), Lubbock (189 2), and Pammel and 
King (1917). 
Information available on the internal structure of oak seedling stems 
includes the origin and development of the xylem rays (Eames 1910), the 
1 The author wishes to thank Professor J. E. Sass for his guidance and 
encouragement during the planning and completion of this work. Thanks 
are also extended to Professor Harold S, McNabb, Jr, for his interest in 
this work and for his aid in securing acorns. z Present address: Department of Biological Sciences, Northern Arizona 
University, Flagstaff, Arizona. 
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anatomy of the transition zone and hypocotyl (Davey 1916), the origin and 
course of the vascular bundles in relation to the bud scales, leaves, and 
stipules in _Q, alba (Langdon 1927), the origin and development of the 
vascular tissue in _Q, robur (Belostokov 1964), and the internal and ex-
ternal interrelationships of growth and structure between the root sys-
tem and the shoot system (Kondrat'eve-Mel'vil' 1965, 1967). 
In reference to young stems of older trees: Guinard (1885), Elliot 
(1914), and Muslow(1915) have used anatomical structure (along with 
other characteristics) for taxonomic purposes; other studies have con-
centrated on internal anatomy of oak twigs without reference to taxonomy 
(Kuster 1900; Haberlandt 1914; Metcalfe and Chalk 1950; Langdon 1918; 
and Machado 1948, 1949a1949b); and Bordina (1961) has described organo-
genesis of bud scales and axillary buds in _Q, robur.
Several investigators have made critical studies of the structure of 
the mature secondary xylem in Quercus stems (Boodle and Worsdall 
1894; Jeffery 1917; Bailey 1910a, 1910b, 1911 and 1920; Eames 1911; 
Tippo 1938; Williams 1939, 1942a and 1942b; and Tillson and Muller 
1942). 
MATERIALS AND METHODS 
Observations reported here were made from seedling stems of  Quer-
cus alba and Quercus velutina. Unless otherwise specified, the obser-
vations refer to both species. 
Mature acorns were collected just after falling from the parent trees. 
Acorns of  Q, velutina were stratified for at least one month in moist 
sand at about 40°F; Q, alba acorns were stored in dry sand at 35°F until 
used. Acorns were germinated on paper in moist chambers in the labo- 
ratory at room temperature for the study of the early phases of develop-
ment. Other seedlings were grown in fl{>wer pots and wood flats in the 
greenhouse for subsequent stages. Greenhouse plantings were made 
during early March, and collections were taken through mid-September. 
The age of a seedling was reckoned from the time when the acorn was 
first placed in favorable germinating conditions. 
All material was fixed in Craf III or F.A. A. depending on maturity 
and toughness (Sass 1961). Specimens were dehydrated in an ethyl alco-
hol series, gradually changed to xylene, and embedded in paraffin. 
Sections were cut with a rotary microtome at 10 to 15 microns. All 
material was stained with a combination of safranin and fast-green. 
OBSERVATIONS 
The Stem Apex and Gross Features of the Seedling 
The organization of the shoot apex of the seedling is essentially the 
same as that of the mature embryo (Mogensen 1966). It consists of a 
tunica and corpus from which arise the primary tissues of the stem as 
well as leaf primordia. The tunica consists of a single layer of cells 
maintained by anticlinal cell divisions. The corpus consists of an un-
stratified area of cells located immediately below the tunica. The 
corpus is maintained by cell divisions in random planes. 
As pointed out by Mogensen (1966) the dormant embryo of Q. velutina 
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lacks embryonic leaves, whereas the embryo of _Q, alba has from three 
to five leaf primordia. Therefore, from the standpoint of organogeny, 
the white oak seedling begins in a more advanced state than that of the 
black oak. The following description of seedling development refers to 
that found in Q, velutina. Soon after the primary root emerges from 
the acorn, mitotic activity begins in the stem apex. When the primary 
root is 3 to 4 cm in length the cotyledonary petioles have elongated 
slightly and are beginning to free the plumule from the shell. Even after 
the plumule has emerged from between the cotyledonary petioles, the 
latter continue to increase in length to 1. 5 cm or more (Figs. 1, 2, 3, 4). 
The cotyledons remain below ground. 
When the primary root is approximately 1 cm long, the first two leaf 
primordia are clearly evident (Fig.9) and when the primary root is ap-
proximately 2 cm long there are four leaf primordia on the plumular 
apex (Fig. 10). 
By the time the plumule emerges from the soil surface, it has ini-
tiated all the leaves (8 to 10) which are to emerge during the first season 
of growth (Fig. 11). Also, at this time the buds in the axils ~f the cotyle-
dons are well developed, and one or more of these buds may produce an 
elongated shoot. In one instance during this study, three shoots de-
veloped from the same embryo. 
True foliage leaves develop usually only at the third and fourth nodes, 
whereas small bract-like leaves develop at the first and second nodes 
above the cotyledonary node (Fig. 5). Both bracts and leaves have buds 
in their axil s . 
The epicotyl increases in height rapidly until it reaches a height of 
10 to 18 cm, then apical growth stops for the first growing season. This 
growth takes place within two weeks after soil emergence. The epicotyl 
ceases growth in height before any appreciable amount of leaf develop-
ment takes place. After this, the four leaves of the upper two nodes 
enlarge rapidly and reach their full size within the next three or four 
weeks (Figs. 6, 7). When linear growth of the epicotyl ceases, the stem 
apex has already initiated most of the leaves which will develop in the 
next growing season. 
On several plants about one month of age the apical bud broke dor-
mancy and produced new growth which in most cases also produced four 
foliage leaves. This second period of growth usually produces only 
bract-like leaves at the two lower nodes. 
The root grows very rapidly during the first month of seedling de-
velopment. Depending on the depth of planting, the root may be 6 cm 
long and have many lateral roots at the time the stem apex emerges from 
the soil. At the end of the first growing season the seedling will have a 
tap root which is 30 to 40 cm long, and as much as 6 mm in diameter. 
For details of seedling root anatomy see Mogensen (1967). 
Histogenesis of the Stem 
Primary tissues. The following description of seedling stem histo-
genesis refers to both _Q, alba and Q, velutina. The procambium first 
becomes distinct as a cylinder of smaller dark-staining cells about .08 
to . 10 mm below the stem apex (Fig. 8). Individual strands become evi-
dent within the procambium cylinder. The first differentiation within a 
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given bundle is the formation of protoxylem on the innermost edge of the 
bundle, This occurs in the base of the next to the youngest leaf primor-
dium, about . 10 to , 13 mm below the stem apex. In some bundles the 
first formed xylem cells are in a radial row toward the center of tree 
bundle, and in other cases they are somewhat scattered. The first pro-
tophloem cell becomes evident usually by the time 1 to 3 protoxylem 
cells have differentiated (Fig, 12), More primary phloem develops on 
either side and inward from the first protophloem cell, forming a small 
group across the outer periphery of the procambium strand. On the op-
posite side of the strand, rows of primary xylem differentiate nearly to 
the center. Cells with dense- staining cytoplasm (future xylem paren-
chyma) remain on either side of the rows of primary xylem. At this 
time, the cells just outward from the center of the bundle form a dark 
band across its diameter parallel with the outer periphery of the stem. 
The cells immediately inward from the band of dark-staining cells begin 
periclinal divisions, initiating the fascicular cambium (this occurs about 
2 to 7 mm below the stem apex), By this time, the cells which will be-
come phloem fibers have increased in diameter and become more vacuo-
late (Fig. 13), 
Secondary tissues, After the initiation of fascicular cambium, the 
bundles increase in cross-sectional area rapidly. In many bundles the 
first formed secondary xylem elements are much larger in diameter than 
the primary xylem cells. The cytoplasm of the xylem parenchyma soon 
becomes less dense. Some of the cells in the dark-staining band imme-
diately outside of fascicular cambium become vacuolate and differentiate 
into sieve tubes and companion cells, the others become phloem paren-
chyma. The immature phloem fibers form distinct groups of vacuolate 
cells bordering the outer periphery of the vascular bundles. 
By the time the first 2 or 3 layers of secondary xylem cells have en-
larged to nearly their maximum diameter, interfascicular cambium has 
been initiated between some of the bundles (Fig, 14), The cell walls of 
the phloem fibers become thicker and lignified, At the same time, the 
xylem parenchyma and the parenchyma cells just inward from the inter -
fascicular cambium become thicker-walled. A continuous vascular cam-
bium forms around the circumference of the stem (Fig. 15) and continues 
to produce secondary tissues throughout the growing season. The inter -
fascicular cambium is initiated about 1 to 3 cm below the stem apex and 
begins producing secondary tissues 3 to 6 cm below the stem apex, In 
general, interfascicular cambium fully circumscribes the stem and begins 
secondary growth sometime between the time the first node is evident 
and the first functional foliage leaves begin to open (between Fig. 4 and 
Fig, 5), 
Shortly after the phase of development shown in Figure 15, periclinal 
divisions occur in the layer of cells immediately inward from the epi-
dermis, thus initiating the phellogen (Fig. 16) which soon produces several 
layers of cork (Fig. 17) and eventually ruptures the epidermis (Fig. 20), 
By the time a seedling is 5 to 7 cm~ above ground, phellogen has been 
initiated within the first internode above the cotyledonary node. By the 
time a seedling is two months old, phellogen has been initiated along most 
of the length of the stem. In both white oak and black oak seedling stems 
the periderm is usually subepidermal, however, in the first internode 
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above the cotyledonary node of some seedlings, phellogen is initiated in-
ward from the zone of collenchyma cells in the cortex, just a few cells 
outward from the primary phloem fibers (Figs. 18, 19) . 
At the end of the first growing season the secondary xylem contains 
large vessels in a somewhat ring-porous arrangement around the stem. 
Numerous uniseriate and occasional biseriate and triseriate xylem rays 
occur. Thick-walled fiber-tracheids are very abundant throughout the 
secondary xylem. Exterior to the vascular cambium the secondary 
phloem consists of small groups of sieve tubes and companion cells 
scattered among large phloem parenchyma cells. Frequent dark-staining 
phloem rays occur throughout. By now the primary phloem fibers have 
become very thick-walled and, =:n the older seedlings, thicker -walled 
sclereids develop between the groups of primary phloem fibers (Fig. 20). 
In the five- and six-month-old seedlings, occasional groups of secondary 
phloem fibers occur. 
Immediately outward from the primary phloem fibers, the cortex con-
sists of rather loose-fitting parenchyma cells, some filled with dark-
staining deposits, others with large crystals. Just inward from the phel-
logen, a zone of collenchyma remains. 
DISCUSSION 
From a developmental standpoint, the seedling stems of _Q, alba and 
Q. velutina are essentially the same. They both possess the character-
istic developmental features of most dicot stems as reviewed by Esau 
(1943, 1954, 1965): The stem apex is composed of a tunica (one layer in 
the case of Quercus) and corpus from which arise the leaf primordia and 
the primary tissues of the stem; the primary phloem fibers develop from 
procambium cells (this study corroborates the observations of Machado 
1948 on _Q. suber); between the primary xylem and phloem there is 
formed a fascicular cambium; subsequently an interfascicular cambium 
develops between the vascular bundles from the reactivation of interfasci-
cular parenchyma; a continuous vascular cambium produces secondary 
xylem and phloem; and the first phellogen is generally initiated in the 
subepidermis. 
Developmental features which differ from the usual, are (1) the for-
mation of protoxylem before protophloem in many of the bundles (this has 
been reported by Sanio, 1865 in Carpinus,. and was also indicated by 
Congdon, 1927 in Quercus alba) and (2) the occasional formation of the 
initial cork cambium deep in the cortex at the base of some seedling 
stems . 
The anatomical structure of the seedling stems at the end of the first 
season of growth is also basically similar for both Q, alba and _Q, velu-
tina. Using some of the criteria with which Muslow (1915) helped to 
distinguish four species of oaks, it was found that: (1) the presence of 
separate bundles in the early vascular system is relatively distinct in the 
seedling stem of both Q, velutina and Q, alba, (2) in both species enough 
cork is produced in the first growing season to rupture the epidermis, 
(3) the bast fibers in both species are in distinct strands (late in the 
season there may be sclereids formed between the groups of bast fibers 
but the original groups can still be detected as distinctly separate, and 
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Figure 1. Germinating Q, velutina acorn showing elongated cotyledonary 
petioles. 
Figures 2 and 3. Germinating Q, velutina acorns showing emergence of 
the plumule from between the cotyledonary petioles. 
Figure 4. State of the Q, velutina seedling just after emergence of the 
plumule from the soil surface; ca - cotyledonary axillary bud 
beginning to expand. 
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Figure 8, Transverse section of the dormant embryo of Q, velutina just 
above the cotyledonary node showing the procambium cylinder 
(pc) before any differentiation of vascular tissue. 78X 
Figure 9. Longitudinal section of the stem apex of Q, velutina when the 
primary root is approximately 1 cm long, showing the first 
two leaf primordia (lp) and procambium (pc~; 
cp -cotyledonary petiole. 78X 
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Figure 10. Longitudinal section of the stem apex of Q. velutina when the primary root is approximately 2 cm long, showing two of the four leaf primordia (lp) which are present at 'this stage; eh -epidermal hair. 78X 
Figure 11. Longitudinal section of the stem apex of Q. velutina at the time of soil emergence; ab - axillary bud primordium. 78X 
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Figure 12. Projection drawing of a transverse section of a differentiat-
ing procambium strand, 350 microns below the stem apex of 
a two-week-old Q, alba seedling which had an epicotyl 5 cm 
in height. 550X 
Figure 13. Projection drawing of a transverse section of a vascular 
bundle, 3 mm below the stem apex of the same seedling as 
described for Figure 12. 550X 
Figure 14. Projection drawing of a transverse section taken about 2 cm 
below the stem apex of the same seedling as described for 
Figure 12. 550X 
p - protophloem px - protoxylem 
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Figure 15. Transverse section about 4 cm below the stem apex of a 
_Q, alba seedling which had an epicotyl 7 cm in height, and 
the first foliage leaves just unfolding. 78X 
Figure 16. Transverse section from the base of a 7 cm long epicotyl of 
a 20-day-old Q, alba seedling. 180X 
Figure 17. Transverse section about 4. 5 cm below the stem apex of a 
14.5 cm epicotyl of a 4-month-old Q, alba seedling. 78X 
Figure 18. Transverse section from the first internode above the cotyle-
donary node of a Q, velutina seedling at the stage shown in 
Figure 5, showing phellogen initiation in the inner cortex. 78X 
ph -phellogen initiation pe - periderm 
332 H. LLOYD MOGENSEN 
Figure 19. Transverse section of the first internode above the cotyle-
donary node of a 4-month-old Q, alba seedling which had an 
epicotyl 14.5 cm in height. 78X 
Figure 20. Transverse section of a 6. 5-month-old seedling stem of 
_Q, alba taken from the 2nd internode above the cotyledonary 
node. 78X 
pe - periderm 
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(4) the xylem of both species is neither distinctly ring nor diffuse porous. 
Also, the commonly used character (in mature wood) of round and very 
thick-walled late wood vessels in members of the red oak group was not 
found in the seedling stem of Q, velutina.
Features which were found to differ between the older seedling stems 
of the two species are (1) the secondary xylem vessels of _Q, alba are in 
a slightly more ring porous arrangement than those of_Q, velutina, (2) 
the fiber-tracheids are not as thick-walled in _Q, alba as in Q. velutina, 
and (3) no dialated phloem rays are present in Q, alba. It should be 
pointed out, however, that much more work needs to be done on the com-
parative anatomy of oak seedling stems before conclusive taxonomic 
characters can be defined. 
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SOME OBSERVED DEER BEHAVIOR IN RELATION TO 
AN IRRIGATION CANAL IN NEBRA5KA1
Milo J. Shultz and Karl E. Menzel3
ABSTRACT. A subjective analysis of observations of deer 
behavior along the Ainsworth Canal in Nebraska showed 
certain noteworthy patterns. The greatest activity of 
deer in connection with the canal during the summer 
took place during the early part of the season. Deer 
in the yearling age class were the most active. Both 
white-tailed deer (Odocoileus  virginianus)  and mule 
deer (Odocoileus  hemionus)  were observed during all 
daylight hours. White-tailed deer accounted for 77% 
and 81% of the deer found trapped in the canal in 1966 
and 1967, respectively. In the hunting season kill, how-
ever, they comprised only 31% of the animals bagged. 
This high incidence of whitetails in the canal was at-
tributed to greater movements by this species. No 
reason was discovered to explain exactly why- deer en-
ter the canal. Variation was present among individuals 
of both species of deer as far as abilities to escape 
from the canal were concerned. Tests of escape struc-
tures in the canal indicate they were of limited value. 
The best way to prevent drowning s will be to exclude 
animals by fencing or covering the canal. Some deer 
were evidently unable to recognize existing earth -
covered bridges as places where the canal could be 
crossed. 
INTRODUCTION 
Development and use of the water resources in the United States is 
becoming increasingly important in view of the expanding human popu-
lation. In many states, particularly in the West, the construction of 
1 Journal Paper No. J-6054 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1664. Administered by 
Iowa Cooperative Wildlife Research Unit, which is supported by the Bur-
eau of Sport Fisheries and wildlife (U. S. Dept. Interior), Iowa State 
University of Science and Technology, Iowa State Conservation Commis-
sion, and the Wildlife Management Institute. Financed through the Ne-
braska Game and Parks Commission by Federal Aid in Restoration Pro-
ject W-15-R. z Graduate Assistant, Iowa State University, Ames. Summer season 
employee of Nebraska Game and Parks Commission. 
3 Section Chief, Big Game, Nebraska Game and Parks Commission, 
Bassett. 
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irrigation canals has become quite common. Many such canals are in 
operation and more are in the planning stages. Unfortunately, even 
though these canals do solve some pressing problems concerning the 
availability of water in arid regions, they also create hazards for wild-
life, Although no published data are yet available, unpublished reports 
from other western states indicate that canals seriously affect local 
populations of big game species such as deer and elk. 
In 1965, the Ainsworth Canal was completed in north-central Nebraska. 
The canal was constructed by the Bureau of Reclamation, U. S. Depart-
ment of Interior, to supply irrigation water for farms in the vicinity of 
Ainsworth, Long Pine, and Johnstown, Nebraska. It is an open canal 
lined with concrete along its entire length of 53 miles. The side slope is 
2:1 and the flow velocity at capacity is about 6 feet per second. Deer 
becoming trapped in this canal when water is present are often unable to 
escape. In the spring of 1965, the Nebraska Game and Parks Commis-
sion initiated a study to determine the effects of the canal on white-tailed 
deer (Odocoileus virginianus) and mule deer (Odocoileus hemionus) popu-
lations in the area, In 1966 and 1967 the Iowa Cooperative Wildlife Re-
search Unit joined Nebraska in a cooperative study of the relationship of 
deer to the canal. 
Among the objectives of the study in 1966 and 1967 was an attempt to 
determine any distinctive behavior patterns in deer in the area of the 
canal. It was believed that such behavior information was necessary for 
an understanding of the effects of the canal on the deer population and 
that such information might prove useful in solving problems of deer en-
trapment and mortality. 
THE STUDY AREA 
The Ainsworth Canal runs through a section of the Nebraska sandhills, 
Land use in this grassland region is almost exclusively for grazing and 
haying. The region has been unsuitable for growing row crops. Grasses 
and fortis are the predominant plant species, with brush present in the 
rougher hills. Timber, present on about 1% of the area within 1 mile of 
the canal, is limited to three stream courses and small planted shelter -
belts. 
The western one-third of the canal is in an area of primarily choppy 
hills (irregular slopes of greater than ZO%). The sandy soil is highly 
susceptible to wind erosion, and "blowouts" are common when vegetation 
is absent. 
The eastern two-thirds of the canal is in an area composed primarily 
of gently rolling hills (less than ZO% slope). Soils vary from loamy sand 
to sand and are also subject to severe wind erosion. 
Deer densities are relatively low over most of the area, probably 
about two animals per square mile (Menzel and Shult 1967). However, 
Z31 deer were observed or reported in the canal during 1966 and 1967 
(Shult 1968). 
METHODS 
Early morning and late evening observations were used in an attempt 
to observe deer behavior in conjunction with the canal. Fixed observa-
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tion points were set up along the canal where the investigator had a good 
view of the surrounding terrain where deer might be expected to travel. 
Observation sites were visited before sunrise and at sunset, and descrip-
tions of the activities of all deer seen were recorded. On occasion these 
observations were made from a vehicle slowly cruising along the canal. 
Other behavior data were obtained by random observations while check-
ing the canal for entrapped deer. In a few instances, attempts were 
made to observe deer by stalking in areas along the canal. 
Trapped deer found in the canal were removed and tagged for move-
ment data. Reactions of these deer were recorded during rescue pro-
cedures. In addition, six semi-tame deer were used to make a total of 
11 tests of escape devices in the canal. During these tests, behavioral 
reactions of the semi-tame deer were recorded as they sought to escape 
from the canal after having been forcibly placed therein. 
Because of the data collected and the time element involved in the 
study, a subjective analysis was necessary. It would have been difficult, 
it not impossible, to arrive at any type of quantitative evaluation of be-
havior activities because each observation entailed different circum-
stances. Nevertheless, certain behavior patterns were noted. 
RESULTS AND DISCUSSION 
Fixed observation sites had a distinct advantage over observations 
from a vehicle in that they allowed an observer to remain concealed dur-
ing observations and thereby did not influence the deer's behavior. 
Fixed sites, however, had the disadvantage of limiting the investigator's 
view to a small portion of the canal. Driving along the canal in a vehicle 
removed part of this disadvantage, but was more likely to startle the 
animals. Walking in the area was abandoned as a technique when it be-
came evident that the deer reacted more strongly to a man on foot and 
fled sooner than from the approach of a car on the canal road. 
The main effort in the investigation was devoted to the summer months. 
Water, which caused entrapment, was present in the canal only during 
summer. In 1966, 85 (68%) of 125 deer found trapped in the canal were 
found during June to August. In 1967, 70 (66%) of 106 deer trapped were 
found during that same period. It seems likely that the high incidence of 
deer in the canal during the summer months as opposed to the low esti-
mate of deer density during the fall and winter months was due to exten-
sive movements during June, July, and August. One explanation for 
these increased seasonal movements may be the breaking of family ties 
during the fawning period and to the subsequent movement of yearlings. 
Newsome (1926) and Palmer (1951) described the abandonment of fawns 
of the previous year by the dam just before parturition each year. This 
explanation seems plausible when one realizes that yearlings made up 
83% of Z47 deer removed from the canal from 1966-1967 and that peak 
incidence coincided with peak fawning dates. 
Most deer observed showed a tendency to move parallel to the canal 
after encountering it. Many times the animals approached the canal 
several times, often moving to the top edge of the concrete before back-
ing away and continuing alongside the canal. Also, some deer were ob-
served moving parallel to the canal but at a distance from it. Many times 
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these animals bypassed earth-covered bridges where they might have 
crossed the canal. 
White-tailed deer appeared more wary than mule deer, Whitetails 
moving along the canal seemed constantly aware of their surroundings 
as evidenced by continuous "nervous" activity. Mule deer did not show 
this tendency to as great a degree. It is not known whether the presence 
of the canal or the presence of the investigator prompted this response in 
whitetails. Whitetails nearly always took flight when the observer was 
discovered. Mule deer, however, often continued moving and~or graz-
ing at a slow pace in a similar situation. Spencer (1956) pointed out that 
"mule deer definitely have a bump of curiosity, . and before running will 
often look over a suspicious object closely for some time. " Severing-
haus and Cheatum (1956) stated that whitetails "are naturally cautious in 
approaching or associating with any object, and through experience or 
parental guidance learn to differentiate between harmful things; objects 
or circumstances which have not been proven friendly must at the mini-
mum be viewed with caution, if not viewed as an enemy. " In spite of the 
whitetails' cautious activity, this species accounted for 77 of the 81% of 
the total incidents of deer found in the canal in 1966 and 1967, respec-
tively (Shalt 1968). In contrast, whitetails made up 31% of the harvest 
composition in the 1966 hunting season in the same area (Menzel and 
Shalt 1967). This higher incidence of whitetails in the canal was attributed 
to greater movements by members of this species during the summer 
months. 
One of the major questions left unanswered in the study is why deer 
actually enter the canal. One explanation might be that they enter the 
canal to drink, However, Leopold (1933) has stated that where whitetails 
and mule deer share the same range in dry areas, both species seem 
able to survive on succulence alone. Also, whitetails in the southeast 
areas where water is scarce do not appear to require daily drinking 
water. There are abundant potholes and windmill stock watering tanks in 
the area. It would appear then that the canal may not have the attraction 
of a critical source of water, Alsq, evidence indicates no difference in 
habitat on either side of the canal which would prompt crossing attempts. 
It is probable that the canal is merely an obstacle in the path of random 
movement that traps the animals when they attempt to cross it. 
Whatever the reason for entering the canal, there seems to exist a 
definite individual variation as far as escape is concerned. Two white-
tail does were seen entering the canal on two occasions when water 
levels were about 1 foot deep. In both instances the animals ran down 
one side of the canal and directly up the other. Other deer became 
trapped under similar water conditions. On several occasions trapped 
deer were able to escape from the canal when harassed by investigators 
trying to capture them. fin. most cases, the deer ran up one side of the 
canal, slipped and fell, and then came back across the canal with enough 
momentum to carry it to the top of the concrete and safety, Evidently, 
most of those animals that hesitate in the bottom of the canal lack momen-
tum and are unable to escape when the canal bottom and sides are slick. 
High water levels and velocities made escape impossible for many of the 
animals. A few deer were seen to escape by very slowly "picking" their 
way up the concrete side of the canal. If these animals became excited 
i 
SOME OBSERVED DEER BEHAVIOR 339 
and tried to scramble up the side, they lost their footing and slid back 
into the canal. If, however, they continued moving up the side of the 
canal very carefully, escape was often possible under low water levels. 
In 1965, about 60 snowfence "ladders" were placed along the side of 
the canal at various locations. It was thought that these ladders would 
provide footing for trapped deer to use in escaping from the canal. No 
evidence was found, however, to indicate use of these ladders by deer. 
Evidently the animals did not recognize these structures as escape path-
ways. In addition, since no deflectors were installed in conjunction with 
these structures, under high water levels an animal would probably not 
be able to reach one of these ladders before the current would have 
swept it past. Two types of escape structures using deflectors in con-
junction with steps up the side of the canal were installed and tested with 
semi-tame deer. Seven tests using four individual deer were made on 
A-frame deflectors, which consisted of conduit pipes placed across the 
canal 6-8 inches apart facing upstream in a V-shaped formation. A 
series of wooden Zx4" cleats fastened horizontally to the side of the con-
crete served as escape ladders on each side of the canal. In five of 
these tests the animals were able to escape unaided by using this struc-
ture. Four tests using two deer were made on slant-type escape struc-
tures consisting of adjustable conduit deflectors placed across the canal 
diagonally with angle-iron steps up the side of the canal. Only one of 
these tests was successful. 
In all tests the deer were placed in the canal on the upstream side of 
the deflectors at distances varying from 50 yards to 1. 4 miles. The 
animals generally attempted to escape up the sides of the canal imme-
diately after release. As these escape attempts were useless, the 
animals then swam with the current toward the escape devices (except 
for one deer which swam against the current all the time it was being 
washed toward the deflector). In each case where the deer reached the 
steps up the side, the animal generally hesitated for a few seconds before 
walking out of the canal. In two tests the deer walked off the upstream 
end of the steps several times and fell back into the canal before finally 
escaping. One deer was placed in the canal when the water level was 
only 1 foot deep. The animal walked upstream into a pool under adrop-
structure and drowned within 4 minutes. It is doubtful that a wild deer 
would have succumbed in this manner. 
Evidently some deer were unable to recognize bridges as places 
where the canal could be crossed. On several occasions animals were 
observed moving along the canal and bypassing these crossings. One 
doe was seen to pass one bridge twice while moving up and down the 
canal and then finally to enter the canal just 20 yards from the crossing. 
Tracks on bridges indicated that deer did use these structures to cross 
the canal, but it is possible that these tracks were made by deer resident 
in the area rather than by transient deer. 
The Ainsworth Canal serves as an obstacle to deer movement in the 
area. Probably the only effective way to prevent deer losses in this 
canal would be to use deer-proof fencing to completely exclude the ani-
mals, or to cover the canal. Fencing would undoubtedly disrupt the 
seasonal movements of deer in the area, therefore covering the canal 
would be a better solution. Unfortunately, since both solutions to the 
problem are quite costly, it is unlikely that either will be used. 
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MORPHOLOGICAL CHANGES SEEN IN THE VAGINAL EPITHELIUM 
AND OVARY OF SWINE OF VARIOUS AGES AS A MEANS 
OF EVALUATING CYCLIC PHASES1
H. 5. Ba1Z, C. J. G. Wensing3 and R. Getty4
ABSTRACT. The different periods of the estrous cycle 
of the sow have been evaluated by observing histologi-
cal sections taken from the ovary and vagina of the 
same animals. Ovarian and vaginal tissues were col-
lected from 28 sows sacrificed for gerontological stu-
dies in the Department of Veterinary Anatomy, Iowa 
State University, Ames. The age range of the animals 
was 6 months to 8 years. Ovarian and vaginal morpho-
logy representing the different phases of the estrous 
cycle was illustrated by 14 photomicrographs and four 
tables. The following morphological features of the 
ovary and vagina representing the various phases of the 
estrous cycle were described in detail: During pro -
estrus the ovary revealed developing graafian follicles 
and regressing corpora lutea and the epithelial cell 
layers in the vagina numbered 10-13. In estrus the 
ovary presented mature graafian follicles as well as 
completely regressed corpora lutea and the vaginal 
epithelium presented 12-20 cell layers. During post -
estrus ruptured follicles in the early process of leuti-
nization were prominent. Cornification and desquama-
tion of the vaginal epithelium with 3 to 6 layers of cells 
with intraepithelial leukocyte -like cells were observed. 
In diestrus the ovary exhibited functional or blooming 
corpora lutea and 3 to 6 layers of noncornified epithe-
lium were observed. 
The ovaries of the very young as well as the aged 
animals revealed maturing graafian follicles, ruptured 
follicles and atretic follicles. Changes in the vaginal 
epithelium taking place during the different phases of 
the estrous cycle were correlated with ovarian mor-
phology. 
1 Taken in part from a 1966 M. S, thesis by Dr. Bal under the 
of Dr. Getty, Department of Veterinary Anatomy, Iowa 
of Science and Technology, Ames, Iowa 50010. z Instructor, Department of Veterinary Anatomy, 
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INTRODUCTION 
Many investigators have described the changes in the vagina of both 
laboratory and farm animals as influenced by the estrus cycle. Valuable 
contributions on the guinea pig have been made by Stockard and Papani-
colau (1917), Courrier (1923), Burgos and Wislocki (1956), and Leonar-
delli (19 61) , Long and Evans (19 22) have studied the rat and Allen (19 22) 
described the cyclic changes in the vaginal mucosa of the mouse. The 
vaginal epithelium in the cow during the estrus cycle was studied by 
Murphy (1926), Cole (1930) and Brown (1944). 
Considerable work has been done on the genitalia of the sow by Corner 
(1921), McKenzie (1926), Wilson (1926), Baker et al. (1953), DeBois et
al. (19 65) and Done and Heard (19 68) . 
Nellor and Brown (1966) made critical studies on the origin of leuko~ 
cyte-like cells (considered leukocytes) that appear in the vaginal mucosa 
of cattle, sheep and swine during the estrous cycle. 
An attempt has been made in this paper to determine and evaluate the 
different periods of the estrous cycle of the sow by observing the histo-
logical sections of the ovary and vagina of the same animals. 
MATERIAL AND METHODS 
Ovarian and vaginal tissues were collected from 28 sows sacrificed 
for gerontological studies in the Department of Veterinary Anatomy, Iowa 
State University, Ames. The age range of the animals selected for this 
study was 6 mo, to 8 years. 
The animals were killed by electrocution and exsanguinated after 
death by cutting the axillary artery and vein. After evisceration, the 
ovaries and vaginal tissues were collected and immediately fixed in 10% 
buffered formalin solution. The tissues of the vagina and ovary were 
studied separately and independently by two investigators (H. S. Bal and 
C. Wensing) and the results were then correlated and evaluated. 
All tissues were dehydrated, cleared and embedded in paraffin. Sec-
tions 6 u, thick, were cut and stained with hematoxylin and eosin, and 
Getty's liver technic using the combination of Weigerts, Heidenhains and 
Van Giesens stains. Crossman's (1937) modification of Mallory's con-
nective tissue stain was also used to study the ovarian tissue constituents. 
RESULTS 
Proestrus (Figs. 1-3). In the ovaries the distinguishing morphological 
feature was the maturing graafian follicles. Sometimes early regressing 
corpora lutea were present in sows that had conceived during the preced-
ing reproductive cycle. An almost equal number of atretic follicles ex-
hibiting avariety of morphological changes was also present. Almost all 
of the cortex was represented by these maturing follicles. 
The proliferation of the vaginal epithelium in this phase of the cycle 
was remarkable. The cells of the stratum germinativum were of tall 
columnar shape and were densely packed together. Their nuclei took a 
deep basophilic stain. There was some indication of proliferative cellu-
lar growth. An average of approximately 10 or more layers of epithelial 
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cells was seen. There was no sign of desquamation or cornification of 
the epithelium. A few leukocyte-like cells were observed in the subepi-
thelial stroma. 
Estrus (Figs. 4-6). The size of the follicles, which appeared to be 
almost mature, were greater in volume than those of the preceding 
stage. The tissue lying over the follicles was thinner toward the free 
surface of the ovary. The blood supply in this region appeared to be 
reduced as compared to the previous stage of the cycle. 
In the vagina there was further growth of the epithelium as compared 
to the preceding phase of the cycle. The epithelium appeared to be 12 
to 13 cell layers in thickness, although sometimes more than 20 cell 
layers were seen. Occasionally very few cornified cells were observed 
in the superficial layers of the epithelium. The stratum germinativum 
presented a deeper basophilic stain. Some intraepithelial leukocytes 
were observed. 
Postestrus or Metestrus (Figs. 7-10). The ovarian picture during 
this stage was more reliable than the vaginal manifestations of the epi-
thelium. In the ovary this stage was characterized by the ruptured fol-
licles or very early appearance of granulosa cell metaplasia to luteal 
cells. In a ruptured follicle, folds of granulosa cells were seen invagi-
nating into the follicular cavity. The vessels and the thecal cells were 
seen between the folds of the granulosa cells. 
In the vagina the beginning of this stage was identified by the onset of 
cornification of the superficial layers of the epithelium. These layers 
stained eosinophilic and the cells showed pyknosis of the nuclei and con-
densation of the chromatin. This was followed by desquamation of the 
cornified epithelium until the number of epithelial cell layers declined to 
3 to 6. A fair number of subepithelial and intraepithelial leukocyte-like 
cells were noticed during this phase of the cycle. The appearance of 
these cells in all the tissues was not uniform. 
Diestrus (Figs. 11-14). During this stage blooming corpora lutea with 
vacuolated cells and dilated capillaries were seen in the ovary. There 
was, however, no criteria to differentiate a corpus luteum of pregnancy 
from the corpus luteum of diestrus. As the animals killed were not 
pregnant, the corpora lutea in these ovaries were of the diestrus stage. 
The vaginal epithelium was 3 to 6 cells in thickness. The histological 
difference compared to the previous cycle was the absence of cornifica-
tion of the epithelium. If the estrus cycle is not interrupted with preg-
nancy, this phase lasts approximately 4 to 5 days. After this period in a 
nonpregnant sow, proliferation of the vaginal epithelium may signal the 
begixuiing of the proestrus phase of the following cycle. 
DISCUSSION 
The changes in the ovary during the estrus cycle and pregnancy are 
well known. However, a complete morphological description has not 
been reported. Therefore, ovarian morphology representing the differ-
ent phases of the estrous cycle are shown in the tables (Tables I-IV) 
representing each phase of the cycle. Bal (1966) observed that, growing 
graafian follicles, atretic follicles, healing atretic follicles, corpora 
lutea, functional as well as regressing, and corpora albicantia were 
normally present in the ovary of the sow. 
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Figure 1. Mucosa of the vagina of the sow in proestrus showing 10 to 13 
layers of surface epithelial cells. Mononuclear leukocytes are 
seen in intraepithelial and subepithelial connective tissue. Z50 X. 
(H and E Stain) . 
Figure 2. Section of maturing graafian follicles of ovary of sow in 
proestrus. 100 X. H and E Stain. 
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Figure 3. Regressing corpus luteum. 250 X. Weigert's, Van Gieson's and Heidenhains Stain. 
Figure 4. Vaginal mucosa in estrus. 100 X. H and E Stain. 
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Figure 5. Vaginal mucosa in estrus. Z50 X. H and E Stain. 
Figure 6. Mature graafian follicle protruding on the surface of the ovary 
in estrus. 100 X. H and E Stain. 
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Figure 7. Mucosa of vagina of sow in metestrus or postestrus showing 
3 to 6 layers of cells. Z50 X. Hand E Stain. 
Figure 8, Vaginal mucosa in postestrus showing nest of intraepithelial 
leukocytes and desquamating epithelium, 400 X, Hand E Stain, 
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Figure,9. Ruptured graafian follicle in metestrus ovary showing the 
folds of the membrana granulosa invaginating into the follicular 
cavity along with the inner wreath of blood vessels and theca interna. 
40X. H and E Stain. 
s~ `~. , 
Figure 10. Ruptured follicle in metestrus. The thecal cells are separated 
from the granulosa cells by the layer of vessels. Both the thecal and 
granulosa cells appear to be in the initial process of leutinization. 
100X. H and E Stain. 
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Figure 11 . Vaginal mucosa in diestrus.  250 X. Weigert's, Van Gieson's 
and Heidenhains. 
Figure 12. Mucosa of vagina of sow in diestrus. 400 X. 
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Figure 13. Blooming corpus luteum of sow in diestrus, 100 X. 
H and E Stain. 
Figure 14, Blooming corpus luteum of sow in diestrus. Halos seen at 
the periphery of luteal cells. 250 X. H and E Stain. 
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Corner (1921) described the rapidly growing follicles 2 or 3 days be-
fore the onset of estrus. In addition to this change, early degenerating 
corpora lutea of the preceding cycle were seen. According to Corner 
(1921) degeneration of the corpora lutea begins 15 days after the ob-
served estrus. As the average length of the estrous cycle is 21 days in 
a nonpregnant sow (Corner 1919, 1921; Baker et al. 1953), the degenera- 
tion of the corpus luteum should correspond with the proestrus phase of 
the cycle. 
During this stage the vaginal epithelium in our study consisted of 10 
or more layers which concurs with the findings of McKenzie (1926), 
Wilson (1926) and DeBois et al. (1965). During estrus the follicles grow 
larger and form a protrusion on the ovarian surface. Their rupture, 
according to Corner and Amsbaugh (1917), takes place on the first or 
second day of estrus. 
Postestrus or metestrus should start after estrus. The ovarian pic-
ture at this phase was represented by the ruptured follicles in the early 
phase of forming a corpus luteum. Folds of granulosa cells invaginated 
into the follicular cavity accompanied by blood vessels and thecal cells. 
Anderson (1926) and Corner (1919) also made similar observations of a 
ruptured follicle beginning to transform into a corpus luteum. 
The diestrus stage was recognized by the presence of functional or 
blooming corpora lutea which attained a larger size than the parent 
follicle. Vacuolated areas were seen on the periphery of a luteal cell 
whose surfaces lay adjacent to the capillaries. This morphological 
manifestation of the corpus luteum of pregnancy cannot be distinguished 
from the corpus luteum of a nonpregnant sow in diestrus. 
The vaginal epithelium corresponding to the proestrus stage of the 
cycle consisted, on an average, of 10 or more layers of cells, We, 
therefore, concur with the findings of McKenzie (1926), Wilson (1926) 
and DeBois e_t al. (1965). Three to 4 days after post-weaning of the 
sows, Palmer et al. (1965) observed 12 to 15 layers of cells and also 
reported invasion of the epithelial layer by neutrophils. They believe 
that this state is similar to proestrus in the sow. 
Cornification of the vaginal epithelium during estrus has been re-
ported in the guinea pig by 5ockard and Papanicolau (1917), Courrier 
(1923), Burgos and Wislocki (1956) and Leonardelli (1961). Long and 
Evans (1922) made similar observations on the rat, and Allen (1922) on 
the mouse. Casida and McKenzie (1932) have stated that some cornifi-
cation is present in all stages of the cycle in the sheep, the greatest 
amount being in late estrus and metestrus accompanied by pronounced 
desquamation. Leukocytes were never entirely absent in anY of the 
stages studied. Brown (1944) stated that the vaginal epithelium of the 
cow thickens during estrus, and he described columnar cells on the 
superficial layer. 
No distinct cornification was observed during this stage. The number 
of leukocytes in the epithelium were scarce and insignificant. Our find-
ings are in conformity with those of McKenzie (1926) and De$ois et al. 
(1965). — —
Postestrus or metestrus -This phase can be regarded as the initial 
degenerative stage of the vaginal epithelium in the sow with an increas-
ing tide of leukocyte-like cells. Desquamation reduced the number of 
cell layers to 3 to 6. 
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Diestrus -The epithelial layers were somewhat reduced or the same 
as the previous stage of the cycle except that there was no cornification. 
Wilson (1926) described vacuolar degeneration just a week after estrus 
and stated that by the second week after estrus the vacuolar degeneration 
ends. No intraepithelial leukocytes were reported. 
DeBois et al. (1965) have observed in their study that the vaginal 
epithelium of the sow is reduced to 2 layers in the pregnant sow. This 
phenomenon, according to these authors, provided the basis for the 
histological pregnancy test. 
Done and Heard (1968) have recently investigated early pregnancy 
diagnosis in the sow by vaginal biopsy. They have suggested that a bi-
opsy test would be over 95% accurate if conducted after 30 days of gesta-
tion. Changes in the vaginal epithelium taking place during the different 
phases of the estrous cycle were also discussed. 
However, according to our studies it may be difficult to determine a 
specific phase of the cycle during a transitional period from one cyclic 
phase to another. For example, after the rupture of the graafian follicles 
the postestrus or metestrus phase of the cycle is initiated, but the cell 
layers of the vaginal epithelium may not be reduced immediately. Simi-
larly, a diagnosis during a late diestrus phase merging into an early 
proestrus phase may be misleading, since during this transition from 
diestrus to early proestrus the corpus luteum may regress rapidly. 
During transition from proestrus to estrus, sections of ovarian and 
vaginal tissues may also be difficult to interpreted. Thus, we feel that 
the above may account, in part, for the 5% inaccuracy reported by Done 
and Heard. A section taken from the ovary in addition to one from the 
vagina should reveal the most probable stage of the cycle, but this would 
necessitate a postmortem examination and thus would only be of academic 
value. 
Nellor and Brown (1966) regard the leukocyte-like cells (hitherto de-
scribed by most authors as neutrophils) to be degenerating plasma cells. 
Gansler (1954) suggested that these cells arise from the genital tract 
itself and do not migrate from the vascular system. We, however, feel 
that more investigation is needed to determine the origin and differentia-
tion of these cells. 
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